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Introduction 


This notebook discusses and provides copies of the public 
literature bearing on the claim that environmental tobacco smoke 
(ETS)' is related to heart disease. The current notebook is an 
update, following its initial preparation in 1991. 

Currently, there is a total of 12 epidemiological studies 
presenting data on a possible statistical 1 association between ETS 
and heart disease incidence or mortality. These epidemiological 
reports are the primary basis for claims of an elevated; heart 
disease risk in nonsmokers exposed to ETS. However, the literature 
also contains several laboratory and statistical reports dealing 
with ETS and exercise performance (particularly in angina patients):, 
with biochemical factors suggested as involved in the development 
of heart disease or with atherosclerosis. These reports are also 
discussed and included in this notebook. 


Each of the articles included in this notebook has been 
highlighted in blue and yellow. The blue highlighting identifies 
"adverse" comments — that is, comments supporting a relationship 
of ETS with heart disease, or that otherwise express unfavorable 
data or opinions regarding tobacco. The yellow highlighting 
identifies "helpful" comments — that is, comments that challenge, 
or at least that are concessionary concerning, the potential 
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involvement of ETS or tobacco in disease causation. Letters to 
the editor or other editorial comments are included with several 
of the articles in this notebook. 

The initial section of this notebook contains an overview 
and discussion of the literature. The literature itself is grouped 
into four appendices. 

Appendix A (Tabs 1-14) contains the 12 epidemiological 
reports with data on a potential association between ETS and : heart 
disease (Tabs 1-12). Appendix A also contains two epidemiological 
reports with data on other cardiovascular diseases — namely stroke 
(Tab 13) and Buerger's disease (Tab 14). A summary and discussion 
of major criticisms is provided for each of the 12 ETS/heart disease 
studies. 


Appendix B (Tabs 15-20) contains major meta-analyses and 
reviews concluding that ETS is associated with an elevated heart 
disease risk. 

Appendix C (Tabs 21-34) contains opinions that the data 
are inadequate to conclude that ETS is related to heart disease. 

Appendix D (Tabs 35-51) contains a mixed group of 
articles which provide data concerning ETS in relation to exercise 
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performance, potential effects in heart disease patients or in 
relation to biochemical and cellular processes, including 
atherosclerosis. 
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Epidemiologic Reports and Reviews 


Reports with original data 

There are currently 12 studies presenting epidemiological 
data on> a possible statistical association between ETS and heart 
disease incidence and mortality. 

The ETS associated risks reported in the 12 
epidemiological studies are summarized in the following table. 
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Epidemiology 

ETS/Heart Disease Relative Risks 



Sex 

Relative 

Risk 

Butler (1990) 1 

F 

1.4 

Dobson, et al. 

(1991) 2 

M 

F 

2 [ll, 


M 

F 


Garland, et al. 

(1985) 3 

F 

2.7 

He, et al. 

(1989) 4 

F 

1.5* 

Helsing, et al. 

(1988) 5 

M 

F 

1.3* 

1.2* 

Hirayama (1984) 6 

F 

1.3 

Hole, et al. 

(1989) 7 

M+F 

2.0* 

Humble, et al. 

(1990) 8 

F 

1.6 

Lee, et al. 

(1986) 9 

M-KF 

1.0 

Martin, et al. 

(1986) 10 

F 

3.4* 

Palmer, et al. 

(1988) 11 

F 

1.2 

Svendsen, et al. 
(1987) 12 

M 

2.2 


♦Reported to be statistically significant at the 95% level 
confidence. 
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Only five of the 12 epidemiological studies regarding 
ETS and heart disease report a statistically significant result at 
the 95% level of confidence. These are: (1) He, et al. (1989), a 
Chinese language report based on only 34 female heart disease 
patients; (2) Helsing, et al. (1988), a study based on a Maryland 
census in which the information regarding spousal smoking (used to 
estimate ETS exposure) was from 1963; (3) Hole, et al. (1989), a 
Scottish study based on only 84 heart disease deaths; (4) Martin, 
et al. (1988), a report based on only 23 women who reported having 
a heart attack and which was given at a conference but apparently 
not otherwise accepted for publication; and (5) Dobson, et al. 
(1991), an Australian study which reported an association with 
home exposure for women only and not at all for workplace exposure. 

In sum, seven of the 12 studies of ETS exposure and heart 
disease have failed to report a statistically significant 
association. In the five studies that have claimed a statistically 
significant relationship, three were from outside the United States. 
Three were very small-scale. All of these studies suffer from a 
variety of serious methodological weaknesses. 

In addition to the 12 ETS/heart disease reports, there 
is also an epidemiological (case-control) study reporting that 
spousal smoking was associated with increased stroke risk [relative 
risk of 1.7 (95% Cl: 1.1-2.6)]. 13 
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Epidemiological data have also been reported for ETS 
exposure in relation to Buerger's disease. Buerger's disease is an 
inflammatory condition leading to arterial occlusion in the 
peripheral vascular system. It has been reported to be 
statistically associated with cigarette smoking. Matsushita, et 
al* 14 studied 40 Buerger's disease patients, in relation to smoking 
history and history of ETS exposure. Based on an examination of 
the progression or "aggravation" of the disease in these patients, 
the authors concluded that their results confirmed the relationship 
of "active" smoking with Buerger's disease, but that the "effects 
of passive smoking on the disease process were still inconclusive." 

A list of the most common weaknesses in' the 
epidemiological literature on ETS and cardiovascular disease is 
provided below. It will be recognized that these are characteristic 
of epidemiological studies of ETS in general, not simply those 
relating to heart and other cardiovascular diseases. 

1. Small sample sizes. 

2. Lack of statistical significance, or failure to 
test for statistical significance. 

3. Potential misclassification of the smoking status 
of study participants. 

4. Inadequate assessment of ETS exposure. 
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5. 


Failure to control adequately for biases stemming 
from potential confounding variables. 

6. Failure to confirm causes of death via autopsy or 
other histological methods. 

Reviews claiming ETS-associated risk f"unfavorable" reviews V 

Despite the scientific weaknesses in the epidemiologic 
literature on ETS and heart disease, several recent reviews have 
concluded that ETS is associated with an increased risk of heart 
disease and that, in fact, such exposure causes a large number of 
deaths each year. Each of these reviews attempted to estimate an 
overall risk based on the combined data from the epidemiologic 
studies. These estimated risk ratios are provided in the following 
table. 


O' 

ro 

CO 

Cl 

h* 

21 
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Meta-Analyses and Reviews of ETS-Heart Disease Data 


): 




EE 

Wells (1988) 15 

Males 

1.31 


Females 

1.23 

Kawachi, et al. 

(1989) 16 

Home 



Males 

1.3 


Females 

1.2 


Workplace 



Males 

2.3 


Females 

1.9 

Kristensen (1989) 17 

Both sexes 

* 1.3 

Glantz and Parmley 
(1991) 18 

Both sexes 

1.3 

Steenland (1992) 19 

Males 

1.3 


Females 

1.2 


These estimates were generally derived from' the 
staListical technique known as meta-analysis. Although these 
reviews varied somewhat in form, detail and focus, the estimates 
were generally similar, about 1.3, reflecting a 30% elevation in 
risk associated with ETS exposure. 


The Kawachi, et al. (1989) discussion was fairly narrowly 
focused on New Zealand. The Kristensen (1989) discussion was a 
limited part of a larger discussion of factors involved in 
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cardiovascular diseases and the work environment. Thus, the major 
reviews were those by Wells in 1988, by Glantz and Parmley in 1991 
and by Steenland in 1992. These three reports are discussed further 
below. 


A. Judson Wells, a consultant to the American Lung 
Association, statistically combined the data from several reports 
on ETS and heart disease, including both prospective (cohort): and 
case-control studies. He then calculated overall relative risks 
(ETS exposed versus nonexposed) for lung cancer (1.44 for females; 
2.1 for males),, cancers other than lung (1.16 for females; no risk 
elevation for males) and heart disease (1.23 for females; 1.31 for 
males). Using various assumptions and statistical manipulations. 
Wells calculated: numbers of ETS-related deaths for each disease 
category. He claimed that ETS exposure resulted in 46,000 deaths 
per year in nonsmokers. Of these, 3,000 are claimed to be from: 
lung : cancer. For cancers other than the lung, he calculated that 
ETS exposure results in 11,000 annual deaths. The largest number 
of deaths from ETS exposure was claimed to be due to heart disease. 
He claimed that 32,000 nonsmoker heart disease deaths per year 
stem' from ETS exposure. 

A more widely publicized review of ETS and heart disease 
was undertaken by two authors from the Department of Medicine, 
University of California, San Francisco. In their 1991 paper. 
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Stanton Glantz and William Parmley conclude that ETS exposure is 
statistically associated with an estimated 30% increase (relative 
risk of 1.3) in heart disease risk in nonsmokers. They argue, 
relying on Wells, that this translates into 37,000 heart disease 
deaths in nonsmokers stemming from ETS exposure. Glantz and Parmley 
also discuss a number of biochemical and experimental studies which 
purportedly support the biological plausibility of such a 
relationship. 

In evaluating the claims by Wells and by Glantz. and 
Parmley, it should be emphasized that meta-analysis, the technique 
from which they derive their risk estimates, is appropriately used 
only when the underlying studies are highly similar and of high 
quality. If the underlying studies are based on different 
populations and procedures and suffer from serious methodological 
weaknesses, then any meta-analysis will consequently be invalidated. 
These considerations are directly applicable to an evaluation of 
risk claims regarding ETS and heart disease. Wells (1988)' and 
Glantz and Parmley (1991) base their claims on meta-analyses of a 
small group of epidemiological studies reporting a relationship 
between ETS exposure and an increased risk of heart disease. In 
general, these studies deal with spousal smoking and assess heart 
disease risk in the nonsmoking spouse. Otherwise, these studies 
used widely disparate methodologies, study populations and 
endpoints. Several are very weak, preliminary, available only in 
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abstract form, or are based on such scanty data that they quite 
arguably are not sufficiently reliable or valid even to be 
considered seriously in a meta-analysis. 

Kyle Steenland, a National•Institute for Occupational 
Safety and Health employee, also performed a risk assessment of 
ETS and heart disease. In a 1992 paper, he calculated that 35,000- 
40,000 annual U.S. heart disease deaths are attributable to ETS 
exposure. He concluded that "heart disease mortality is 
contributing the bulk of the public health burden imposed by passive 
smoking." 


There were two important differences between Steenland's 
estimation process and that used by Wells, and later adopted by 
Glantz and Parmley. First, Steenland did not do a meta-analysis 
to obtain' a pooled estimate of relative risk for heart disease 
mortality associated with ETS exposure. Instead, he simply adopted 
the relative risk reported in a single study of a Maryland sample 
(Helsing, et al., 1988; see endnote ref. 5) and applied that to 
the entire U.S. population. Second, he focused only on> heart 
disease and did not attempt to calculate ETS-related deaths from 
other diseases. 

Other than the above, Steenland's procedure for 
calculating deaths attributable to ETS exposure was generally 
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similar to that reported by Wells and by Glantz and Parmley. This 
estimation process involved: positing an overall increase in 
relative risk of heart disease associated with ETS exposure; making 
adjustments for potential misclassification and for background 
exposure; estimating the extent of exposure to ETS; and estimating 
the fraction of nonsmoker heart disease deaths attributable to ETS 
exposure. These estimates were incorporated into a formula using 
data on U.S. heart disease death rates and population estimates, 
from which was derived an estimated number of annual heart disease 
deaths attributed to ETS exposure. According to Steenland's 
calculations, "the overall estimate of ETS-attributable heart 
disease deaths for never-smokers and former smokers is 35000 to 
40000." He further commented that these increased risks of death 
"are higher than those accepted in regulating environmental toxins." 

In a 1992 position statement from the American' Heart 
Association', it was concluded that ETS causes heart disease. 
(Taylor, et al.) 20 

Reviews emphasizing ineonclusiveness of the data C"favorable" 
reviewsV 

Reviews such as those by Wells, by Glantz and Parmley 
and by Steenland often receive a great deal of publicity. However, 
it is important to recognize that there have been' a number of other 
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examinations of the data concerning ETS and heart disease. Several 
important reviews have concluded that the data on this issue are 
equivocal and inadequate to support claims of an increased heart 
disease risk in nonsmokers exposed to ETS. 

The first major reviews of the epidemiological data on 
ETS and heart disease appeared in 1986. In that year, a report of 
the United States Surgeon General 21 examined the available data and 
judged 1 that "no firm conclusion" (p. 10) could be made regarding 
a possible relationship between ETS and heart disease. Also in 
1986>, a similar evaluation appeared from a committee of the National 
Research Council of the National Academy of Sciences. 22 This 
committee stated that any potential heart disease risk related to 
ETS would be "difficult to detect or estimate reliably" from 
epidemiological studies, and would be "the same order of magnitude 
as what might arise from expected residual confounding due to 
unmeasured covariates." (p. 263) 

Thus, both the 1986 Surgeon General's Report and the 
National Research Council report judged that the data were 
insufficient to allow a conclusion that ETS exposure is a cause of 
heart disease. Even the 1991 review by Glantz and Parmley 
recognized this as a "reasonable" position, at least in 1986. On 
the other hand, Glantz and Parmley argued that data published since 
1986 warrant that this conclusion be modified. However, other 
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scientists have undertaken more balanced and critical reviews of 
the more recent data and have judged that it remains inconclusive. 
Several of the most significant of these recent reviews, and their 
conclusions, are as follows. 

a. At a major conference on ETS held at McGill 
University in 1989, Lawrence Wexler, of the New York Medical 
College, concluded that recent data did not provide a basis 
for altering the earlier conclusions by the Surgeon General 
and National Research Council concerning ETS and cardiovascular 
disease. 


Based on the available evidence, it is this 
author's opinion that it has not been 
demonstrated that exposure to ETS increases 
the risk of cardiovascular disease, (p. 139) 23 


b. A similar evaluation was made by two scientists, 
D.F. Weetman and J. Munby, from the School of Pharmacology, 
Sunderland Polytechnic, Sunderland, United Kingdom. They 
presented their conclusions from a review of the literature 
on ETS and heart disease at an international conference on 
indoor air quality held in Lisbon, Portugal in April 1990. 


It is concluded that no increased risk of 
cardiovascular disease can be associated 
unequivocally with exposure to ETS, and it 
seems probable that this will continue to be 
the case until specifically designed trials 
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are Instigated, and some objective measure of 
degree of exposure can be devised. (p. 215) 24 


c. D.F. Weetman presented a similar conclusion at an 
indoor air quality conference in Bangkok, Thailand in November 
1991. 


It is concluded that too many important 
potentially confounding factors have been 
overlooked to decide if there is an association 
between exposure to ETS and cardiovascular 
diseases. (p. 275) 25 


d. Another scientific review of this literature was 
performed by two physicians from the University of Munich, 
Germany and given at an international conference in Hungary in 
June 1990. The conclusion was similar. 


Taking into account the small increase in 
coronary risk in passive smokers as compared 
to non-exposed subjects and also the low 
validity and small number of epidemiological 
studies available and the fact that their 
results are at least inconsistent, a 
relationship between passive smoking and 
cardiovascular diseases cannot be established 
on these data. (p. 6) 26 


e. In a 1991 book discussing a wide range of issues 
involving ETS, the literature on heart disease was reviewed 
by Alan Armitage, former director of toxicology of a major 
European research laboratory and head of pharmacology at the 
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Tobacco Research Council Laboratories in the United Kingdom. 
He judged that the scientific data have not established an 
increased heart disease risk in nonsmokers exposed to ETS. 

It is clear that the evidence for a harmful 
effect of ETS in enhancing CHD [coronary heart 
disease] risk in non-smokers is not very 
convincing. . . . (p. 114) 27 

f. In a subsequent review in 1993, Armitage, writing 
as a consultant pharmacologist and toxicologist, expressed a 
similar evaluation of the ETS/heart disease literature. 

On the current evidence a causal relationship 
between exposure to ETS and the development of 
CHD has not been proved. (p. 27) 28 

g. Armitage's 1993 review appeared in the Journal of 
Smoking-Related Diseases . In an editorial in the same journal 
issue, A.D.S. Caldwell, the journal's managing editor, 
emphasized that the issue of confounding variables was of 
particular importance in the case of heart disease. This is 
because of the hundreds of factors reportedly associated with 
the disease. Caldwell observed that the numerous heart disease 
risk factors make it extremely difficult to make confident 
statements about a potential role of ETS. 
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But assessing the impact of ETS is an exercise 
made hazardous by confounding variables lurking 
around every statistical corner. In the case 
of CHD, for example, some 3 00 risk factors 
have at some time or other been identified— 
by what means is it possible to unravel these 
data and point the finger with any degree of 
confidence at ETS per se as a major causative 
element? 29 


h. In 1991, Peter Lee, an independent British 
statistical consultant, published a critical analysis of the 
epidemiological literature relating to ETS exposure, cancer 
and heart disease. In the area of heart disease, he was 
particularly critical of the risk assessments by Wells (1988) 
and Kawachi, et al. (1989). Both of these risk assessments 
concluded that ETS is associated with a large number of heart 
disease deaths annually. Lee challenged this conclusion, and ; 
sided with the 1986 National Academy of Sciences and Surgeon 
General's reports, both of which had considered the ETS/heart 
disease data inadequate. 


In the risk assessment by Wells, heart disease 
deaths formed 70% of the total. In that by 
Kawachi et al, they formed 89%. As noted ; above, 
in 1986 none of the major authorities considered 
that ETS had been shown to cause heart disease. 
Evidently Wells and Kawachi, in assuming that 
ETS causes heart disease, are jumping to a 
conclusion that a number of panels of 
distinguished scientists have not reached. 
While there are more data now than in 1986, it 
remains abundantly clear that the evidence 
still does not support this conclusion. (p. 

199 ) 3 ° 
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i. In 1992, Peter Lee published a more detailed 1 , book- 
length review of the epidemiological literature on ETS exposure 
In relation to mortality and several diseases. In his view, 
various weaknesses and biases in the data precluded the ability 
to draw any conclusion as to the potential association of ETS 
exposure and heart disease. 


Mainly because of the problems caused by the 
strong likelihood of severe publication bias, 
it cannot be concluded from the existing 
evidence that ETS is associated with heart 
disease. The present author understands that 
the American Cancer Society intends to publish 
within the next year or so findings related to 
ETS based on its second large prospective study. 
It is hoped that results from its first 
prospective study will also be released. Until 
there is such evidence, and hopefully also 
evidence from other studies involving 
substantial numbers of deaths from heart disease 
with good control of confounding and : with 
evidence on ETS exposure from sources other 
than the spouse or in the home, it is certainly 
premature to come to any conclusions. (pp. 
145—196) 31 


j- In 1992, Domingo Aviado, M.D., a consultant with 
Atmospheric Health Sciences in Short Hills, N.J., published 
■vui extensive review of environmental tobacco smoke in the 
context of heart disease in the workplace. He did not consider 
the data supportive of an association of workplace ETS exposure 
with heart disease, and emphasized the low levels of ETS 
constituents to which workers might be exposed. 
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It is the opinion of this author that the 
available studies do not support a judgment 
that ETS exposure is associated with any form 
of occupation-related heart disease. Although 
ETS reportedly contains constituents that have 
been associated with occupational heart disease, 
the concentrations are so low that it is 
unlikely for any substance to attain the 
corresponding TLV (threshold limit value) in a 
work environment. (pp. 475-476) 32 


k. G. Crepat, a scientist at the University of Dijon, 
France, reviewed the literature relating to ETS exposure and 
heart disease, in a presentation at an international indoor 
air quality meeting in Athens, in April 1992. He concluded 
that the relative risks for ETS and heart disease reported in 
epidemiologic studies have probably been overestimated and 
are not explained by the available "physiobiochemical" data. 

This suggests that mean RR [relative risk] of 
CHD due to ETS exposure calculated from 
available epidemiologic studies, has probably 
been overestimated as at the moment it cannot 
be explained by physiobiochemical changes caused 
by ETS in the body. (p. 440) 33 

l. Carbon monoxide is one of the constituents of ETS 
lj ouietimes proposed to play a role in heart disease. John' 
Mennear, of the School of Pharmacy, Campbell University (North 
Carolina) reviewed the literature relating to carbon monoxide, 
ETS and cardiovascular disease. His 1993 review paper 
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): 


concluded that ETS has not been scientifically shown to cause 
or exacerbate heart disease. Any potential role of carbon 
monoxide in ETS was considered to be especially unlikely. 

The role, if any, of environmental tobacco 
smoke (ETS) in the causation and/or exacerbation 
of cardiovascular disease remains to be proven 
and defined. ... It is concluded that if ETS 
plays a role in the etiology of cardiovascular 
disease, it is most likely not mediated through 
carboni monoxide. (p. 77) 34 

Laboratory and Biochemical Studies 

There are several experimental and biochemical studies 

) 

that have been cited in the literature as supporting an increase 
in heart disease risk stemming from' ETS exposure. A few of these 
reports claim that ETS exposure adversely effects exercise capacity 
and that in the case of heart disease patients, this can lead to 
attacks of angina (heart pain). Other reports have attempted to 
demonstrate that ETS exposure adversely affects some aspect of 
cardiovascular function, such as blood clotting (platelet activity) 
or cholesterol levels, or that it affects the underlying disease 
process (atherosclerosis). 

In the area of exercise performance, there are four 
studies. In one of these, a 1985 report by McMurray, et all., 35 
healthy subjects were used and ETS exposure was claimed to have an 

) 
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adverse effect on exercise performance. Two other studies, one by 
Aronow (1978) 36 and the other by Khalfen and Klochkov (1987) 37 
used angina patients. In somewhat similar study designs, both' 
reports claimed that when heart disease patients were exposed to 
ETS, they were not able to exercise as long before experiencing 
angina. The credibility of the Aronow report has been widely 
challenged in the literature. The Khalfen and Klochkov report is 
a Russian language article about which relatively little is known. 
In the fourth exercise performance study, Leone, et al. compared 
the cardiac performance during exercise testing in healthy subjects 
versus myocardial infarction survivors, in relation to ETS exposure. 
The authors reported that ETS exposure was associated with a 
decrease in peak exercise capacity in the myocardial infarction 
survivors, but not in the healthy subjects. For both groups of 
subjects, ETS exposure was associated with longer times to recovery 
of pre-exercise heart rates. The authors concluded: 

Cardiac response to the exercise is 
significantly worsened by passive smoke, 
especially in those subjects with previous 
myocardial infarction. 38 

Regarding any of the exercise performance studies, whether 
with healthy or heart disease patients, a general criticism is that 
when dealing with ETS, it is almost impossible to "blind" either 
the experimenter or the subjects with regard to ETS exposure. 
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Thus, the possibility is always open that some subjective factor 
may influence the results. 

There are very limited data attempting to demonstrate 
that ETS adversely affects some process that might be involved in 
blood clotting. The primary focus has been on the possibility 
that ETS may increase the tendency of certain blood components, 
known as platelets, to stick together. This claim has been made 
based mainly on data in four published reports. Three of these 
are from' the same Austrian research group. (Sinzinger and 
Kefalides, 1982 39 ; Burghuber, et al., 1986 40 ; Sinzinger and 
Virgolini, 1989 41 ) Of these three, one is merely a letter to the 
editor (Sinzinger and Kefalides, 1982) and another is a German 
language article with only an English abstract (Sinzinger and : 
Virgolini, 1989). The fourth report, Davis, et al., (1989) 42 is 
from a group of researchers in Kansas City, Missouri. It suffers 
from serious methodological weaknesses, particularly its failure 
to establish a proper control condition. [Platelet activity has 
also been assessed in an laboratory animal study involving exposure 
of rabbits to ETS, where the primary focus was on atherosclerosis. 
See Zhu, et al., 1993, endnote reference 50.] 

There are three reports on children which assessed 
cholesterol and other blood components in relation to parental 
smoking status (Moskowitz, et al., 1990 43 ; Pomrehn, et al., 1990 44 ; 
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Feldman, et al., 1991 45 ), one of which (Pomrehn, et al., 1990) is 
only available as an abstract from a meeting presentation. These 
reports claimed that parental smoking was associated with decreases 
in HDL cholesterol, which some literature has argued may be 
associated with heart disease risk. ‘ A recent study from India 
made similar claims about adverse changes in adult cholesterol 
levels in relation to ETS exposure (Whig, et al.), 46 as did a 
report focusing on ETS exposure in the workplace. (White, et al.) 47 

These cholesterol studies measured components of blood 
as the endpoint, but are essentially epidemiological studies in 
that they,, at best, may suggest statistical correlations. As such, 
they suffer from weaknesses characteristic of other epidemiological 
studies of ETS exposure, especially difficulties in controlling 
for potential confounding variables and inadequate assessment of 
ETS exposure. Furthermore, the potential significance of blood 
values in relation to later heart disease risk, especially in groups 
of children, is highly speculative. 

An abstract, from the Bowman Gray School of Medicine 
rwinston Salem, North Carolina) , based on a presentation at a 
November 1991 American Heart Association meeting, reported 1 that 
ETS exposure was associated with thickness of the walls of the 
carotid arteries. (Howard, et al., 1991) 48 The importance of 
carotid artery thickness is that it may be an indication of the 
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severity of atherosclerotic involvement. Atherosclerosis of the 
carotid arteries is believed to underlie certain forms of stroke. 
These data were updated in a presentation at a March 1992 
cardiovascular disease epidemiology conference, the abstract from 
which included information on some additional subjects, but 
otherwise reported similar results. (Howard, et al., 1992) 49 

In an experimental report based on measurements in 
rabbits, tobacco smoke exposure reportedly led to increased levels 
of atherosclerosis. (Zhu, et al. 1993) 50 This is the first study 
to provide such experimental data. The study is subject to 
criticisms on the basis of questionable exposure protocols and other 
methodological weaknesses. 

There have been limited data in the literature suggesting 
that certain vitamins might be a factor in the development of heart 
disease. Based on this theory, a 1992 meeting abstract measured 
dietary and plasma levels of vitamin C (ascorbic acid) in people 
exposed to ETS. Compared to a control group, ETS-exposed 
nonsmokers were reported to have decreased plasma levels and dietary 
intake of ascorbic acid. The authors concluded: 

These results suggest that suboptimal AA 
[ascorbic acid] nutriture may contribute to 
increased heart disease risk associated with 
ETS exposure. 51 
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The significance of this report is highly questionable. Very few 
details are available — not even the ages of the people studied 
are given in the abstract. In addition, the relationship, if any, 
of vitamin levels to subsequent heart disease is not scientifically 
established. Furthermore, even the authors acknowledge that their 
data on plasma vitamin C may at least in part be a result of 
different levels of dietary intake, rather than any direct effect 
of ETS exposure. 

Some previous research involving active cigarette smokers 
has reported that smokers may have higher numbers of leukocytes 
(white blood cells) than nonsmokers. It has been speculated that 
these higher leukocyte counts may be one mechanism whereby smoking 
might increase heart disease risk. Green, et al. (1993) 52 addressed 
the question of whether ETS-exposed nonsmokers might also show 
increased leukocyte counts. 

Green, et al. examined a group of 250: male factory 
workers. These men were questioned regarding their smoking habits 
and their reported exposure to ETS in the workplace and at home. 
Urine samples were also collected for cotinine analysis. Green, 
et al. reported that, on the average, smokers had higher leukocyte 
counts compared with nonsmokers. However, based both on reported 
ETS exposure as well as on cotinine data, exposure to ETS was not 
associated with increased leukocyte counts. The authors concluded 
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that, if ETS exposure is associated with increased heart disease 
risk, it is not mediated through an effect on leukocyte count. 


These findings suggest that any association of 
passive smoking with coronary heart disease is 
not through an elevation of leucocyte count. 
(Abstract, p. 14) 
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Butler, T., "The Relationship of Passive Smoking to Various Health 
Outcomes Among Seventh-Day Adventists in California," Presented at 
the Seventh World Conference on Tobacco and Health, Abstract, 1990. 

This report is an abstract from a 1990 conference 
presentation. The study involved a group of California Seventh 
Day Adventists who were followed from 1976 to 1982. Nonsmoking 
women were classified according to their husband's smoking status. 
The relative risk for fatal ischemic heart disease for women 
married to smokers was reported to be 1.4 (not statistically 
significant) . 


Risk ratios were also reported for lung cancer, all 
"smoking related" cancers, cervical cancer and all cancers. 
Confidence intervals were quite large, indicating no statistical 
significance for these values. However, for cervical cancer, a 
relative risk of 4.86 had confidence intervals indicating 
statistical significance. 

Criticisms 

1. This is an abstract only, apparently otherwise 
unpublished and not subject to peer review. 

2. There are insufficient details to evaluate this 
study. For example, the abstract does not contain information on 
the number of nonsmoking women married to smokers versus those 
married to nonsmokers. Neither was data reported concerning the 
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number of deaths, either overall or for any of the individual 
causes, on which the relative risks were based. 

3. There was no reported statistically significant 
relationship between ischemic heart disease mortality and marriage 
to a smoker. The author admits that the study was flawed because 
of the small number of cases and the probable misclassification of 
passive smoking exposure, which "limited the ability to achieve 
conclusive results." 
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COHORT STUDY 
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SI | Ul Nil I-DAY AIJVI NI ISIS IN (‘AI If MIN!A. 

Terrence i But I nr 

Adventist Health Department , PO Box 14, Gordon, New South Wales, 2072 
Austral la 

The relationship'nf passive smoking to the incidence uf rancors, 
fatal ischemic heart disease and all natural caus^ mortality among 
Californian. $pv*nth-riay Adventists was vnvnst iga tod in iyU8. r rum 
Lhfi Subjects of the Advent is l lira I Lin Study cohort (1976-1752), 

two ni;b-(|ruups were strlifHrd In cvuluntir the research t|iR?ul iuii?* . # 

One, the spouse pairs rohnrl f runs isi.cnl of 11 ,(16(1 mar r u:d'coup 1 on/ 

The second was n group of 6,467 subjects, referred tu ;ut the AUSMOH 
mhnrt., who were involved in n concurrunt oir pul Ini inn ntudy. 
follow-up fur esrertoinment of rancor jneidunrn and mortality was from 
1976 to 1962. Passive smoking exposure for the "spouse pairs*' was 
based on the husband's smoking status in marriage, for the AH5MQG 
cohort tnvaronmental Tobacro Smok* (I IS) exposure was based on the 
number of years lived with and the number of years worked with a 

emoker. For non-rannkiny fpmnlpn nf thn spouse paira evtortr 

age-adjusted rate rot i«u and (97S C.l.V fur each nulrumt* represent 
those females married to a smoker compared to those females married 
to a non-smeker. ftimj ranrnr HR - 2.1)1 (0.39-5.77), all ijmokmg 
related cancers RK r 1.22 (11.61-2.64); cervical cancer RK s A.BA 
(1i.31-17.66) rind all mk-uIcmI ranroni HR - 1.20 ((1.76-1.54 ). lor 
(nmoles married tu runoul wmikrrs l herewas inert: used rink for fatal 
1HD, RR : 1.4(1; (tl.S1-l.84). NO effect was observed Tor ail natural 
cause mortality, for the AH5H0G cohort the results were less consis¬ 
tent by type of exposure measure and outcome. The smal l number nf 
cases far some outcomes and the probable misrlassificat ion of passive 
smoking exposure limited the ability to achieve conclusive results. 
However, the results indicate on adverse effect for MS exposure end 
are consistent with other reported results. 
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DOBSON, A. J. , ALEXANDER, H.M., HELLER, R.F. AND LLOYD, D.M. , 
"PASSIVE SMOKING AND THE RISK OF HEART ATTACK OR CORONARY DEATH," 
THE MEDICAL JOURNAL OF AUSTRALIA 154: 793-797, 1991 

This article provides epidemiological data concerning a 
potential relationship between environmental tobacco smoke exposure 
and heart disease. All subjects were residents of the Hunter region 
of New South Wales, Australia. It used a case-control design. 
The cases were all individuals, male or female, within that region 
who experienced a "fatal or non-fatal definite or possible 
myocardial infarction or a coronary death." The controls were a 
sample comprising individuals in this region who were participating 
in> an ongoing risk factor prevalence study sponsored by the World 
J| Health Organization. Data were collected on certain demographic 

characteristics,, medical history, cigarette smoking and ETS exposure 
at home and at work. 

Odds ratios and 95% confidence intervals reported for 
heart disease risk associated with ETS exposure at home were 0.97 
(0.50-1.86) for men and 2.46 (1.47-4.13) for women. For ETS 

exposure at work, the odds ratios and confidence intervals were 
0.9'o (0.51-1.78) for men and 0.66 (0.17-2.62) for women. The 
authors concluded that their study "confirms previous findings of 
elevated risk of heart attack or coronary death associated with 
passive smoking at home." (p. 797) However, they observed that 
the "odds ratios for passive smoking at work did not suggest 
j increased 1 risk." (p. 793) 
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Based on other aspects of their study, the authors claimed 
that the data confirmed increased heart disease risk in "active" 
smokers as well as increased ETS-related heart disease risk in 
exsmokers. Also, levels of blood fibrinogen (a clotting factor) 
were evaluated in relation to reported ETS exposure. Increased 
levels of fibrinogen were suggested to be a marker of ETS-related 
heart disease risk. 

The authors commented on a variety of sources of biases 
in their study, including potential effects of confounding. Despite 
their belief that their study supports an adverse effect of both' 

smoking and ETS exposure, they conceded that: "On balance, the 

) . . 

effects of bias and confounding could have led to overestimation 

of risks due to passive and active smoking." (p. 796) 


) 
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ORIGINAL ARTICLES 


Passive smoking and the risk of heart attack or coronary death 

Annctrc 1 Dobson* Hiterv M Alexander. Richard F Heller and Deborah M Lloyd 


Ob/ect/ves: To estimate the prevalence of 
pttsivf smoking in an Australian population, 
the megmtud* of nek of myocardial infarction 
or coronary death associated wit* pass** 
smoking and the taio.nl to which fibnnogen 
concantrationa might be affected by passive 
smoking. 

De sign: A population-based cast-control 
study of myocardial infarction or coronary 
death and passive smoking, and measure¬ 
ment of fibrinogen in s random sample from 
the same population. 

Setting and partrcipanti: Residents of the 
Lower Hunter Region of New South Wales 
aged 35-69 years in 1966-1969. Cast 
subrtets were all i those who suffered 
myocardial infarction or coronary death. 
Control subjects were participants in a nsk 
factor prevalence survey. 

Outcome m9»*ur*t: Myocardial infarction 
or coronary death, dafthed by criteria of the 
WHO MONICA Project* and fibrinogen con¬ 
centration (measured in controls only). 

Aeau/fx: Prevalence of passive smoking at 
home was 20H for malt case subjects. 13H 
for male control subjects. 29H for female 
case subjects and 194* for female control! 
subjects. The corresponding prevalence rates 
for passive smoking at work were 40H, 44 H, 
41H and 37H. Odds ratios of myocardial 
Infarction or coronary death for active 
smokers compared with non-smokers were 
4.70 (95H confidence interval (Cl). 3.35-4.56) 
In women and 2.71 <95* Cl. 2.07-3.53) In 
men. For woman tha odds ratio* of 
myocardial infarction or coronary death for 
those exposed to passive smoking at home 
were 2.46 (95* Cl. t.47-4.13) among non- 
smokers and 1.46 (95* Cl, 0.67-3.30) among 
tx-smokara. For men the odds ratios lor 
passive smoking st home were 0.67 (t$* Ct, 
0-50-1.66} for noivsmokar* and 1.76 (95* Cl, 
1.13-2.79) lor ex-smokers. The odos ratios 
for passive emokihg at work did not suggest 
Increased risk. Fibrinogen concentrations 
were generally higher among people exposed 
to pessive smoking at home or work 


compared with those not exposed but were 
not as tag* as concentrations *h active 
smokers. 

Conclusions: Passive smoking Increases 
the risk of coronary heart disease and 
Increased fibrinogen concentration provides 
a marker of Ks effect. 

(Med J Aurt 1991; 154; 793-797) 

I t is well established the: cigarette 
smoking increases the nsk of 
ischaemic heart disease.' 0 There is 
also evidence that passive smokmg is 
associated with incretsed nsk.-* One of 
the mechanisms by which smoking lets is 
by increasing fibrinogen concentrations 
which m turn promote thromoogenests.’* 0 
This effect may also occur with passive 
smoking.*' 

To investigate the relationship between 
passive smokmg and ischaemic hean 
disease we conducted a population-based 
case-control study and a study of fibrino¬ 
gen ini a ranoom sample from the same 
population. Wfe wished to estimate the 
prevalence of passive smokmg in an 
Australian community, to estimate the 
magnitude of risk of hean attack or 
coronary death associated with passive 
smoking and to investigate the extent to 
which fibrinogen concentrations might be 
affected by passive smoking. 

Methods 

The setting for this study ts provided by the 
World Health Organization (WHO) MONICA 
Project which is monuonng trend! end Otter• 
minems of cardiovascular disease m wen defined 
populations over i0 years. One ol these popu¬ 
lations is m the Hunter Region of New South 
Wales. Australia, covering me local government 
areas of Newcastle, taka Macouan#, Gessnock. 
Mantand and Pon Stephens. 


Centre »©f Oimcei Epid*m*c>&g y »«*} liotiatittici. D»v*C Masdison Clinical Sciences »uU4tng. ftoyxl 
Newcastle Hospital. Newcastle. NSW 2SO0. 
awv n i j Ooete* M^t a-C Fremw r Imswici 
U Miunor ** MO’llC* M l»< W 

MS SS md «*c» »>»Hrw 0 C a n mn awy Ue ecew 
Deowe* m L«x-C. S* erov»Kjn*t 0«ce« * Ce***"**"** tiiacRi 

Ccwww wm Neew A j'Dotrtc* »'0*4*0* o» Sotinnia U* w>w w» * *w-e*em NSw nos 

wi ** M Mtimoti Cewrt v> Cwa* b en o of. e*« W hm Mtm NSW OOI 


Cases 


The case suojecis tor tms study were an resi¬ 
dents of me study area aged 35-49 years wno 
during the study period has a fatal or non-taiai 
definite or possible myocardial infarction , or a 
coronary death (wtm insufficient information tor 
more specific classification) 

Diagnosis was made under the emena of the 
WHO MONICA Project ** The pnneip* usee was 
to register doubtful cases and su&seoutmty to 
exclude from analyses mose which ojC not meet, 
the diagnostic cmem V a no us Quality control 
measures were usee to check completeness of 
case ascertainment. These induced compare 
eons wrtn me hospital mootfrty oata system and 
official ceatn records ootamee from me 
Australian Bureau of Statistics .*• 

The study period was from July V1988 to 
October 31. 1989 For people who hac more 
man one event dunng this penod only data for 
the first event, were included m the analyses 
presented nett, m addition to me diagnostic 
mtormaiion. oata were eoueaeo on oemograpftc 
characteristics, medical history, cigarene 
smokmg and exposure to passive smoking *i 
home and ai work. Current smokers were nor 
imed aoout merr exposure to passive smoking. 
Surviving case subjects were mi*rv»eweo Oy me 
study nurses while they were still in hospital (m 
this population almost an me peoptf with a 
suspected hean attack wno survive long enough 
are so mined to hospital). Most case subjects 
who died some days after admission to hospnai i 
had been Similarly interviewed by the study 
nurses For case subjects who died before 
hospuahsanon. m the emergency room, or 
Shonty Sheri admission to me wards, mtormanon 
was ootamed from medical records, if svanabte. 
or by Questionnaires mailed to relatives, mtor- 
matioh about smoking behaviour was not 
obtainable tor 3** of taiai cases and 44% of non- 
fatal cases: dais on passive smoking were 
missing tor about t5* of an cases. 

Controls 

Participants in tn* community-based risk tactor 
prevalence study conducted as pan of tn* WHO 
MONICA Project w*ra control suoject* lor tn* 
case-comrof study ano were also tnt sublets 
tor me Sludy Of fibrinogen The risk factor study 
was conducted tn June-Decemper 1966 anc 
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June-Novemoer 1989 A stratified random 
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tempi* ot me study population was selected 
from the Commonwealth Electoral Roll wrtn the 
sampling fraction being greater tor me older age 
strata People enosen for the sampl# were 
vwned to attend study centres to complete t se^ 
•dmimstered Questionnaire and to have physical 
measurements maoe and btooo samples taken. 

Extensive system* ot reminders and iboow- 
up were used to encourage participation. The 
response rate tor tuit panopaoon m me study 
for the age group 35-69 years was 634s. Some 
people who were unapt* io attend a study centre 
tor the physical measurements and ptood 
samples did. however, complete a bnei Ques¬ 
tionnaire which covered demographic cnarae* 
jertstic*. smoking behaviour and medical history. 
Others were interviewed at home to obtain mis 
information. Inclusion of data from alijftese. 
people, gives a response rate of BOH for trm 
age group. 

For comparisons of smoking oenaviour among 
cases and controls, data tor alt me control 
subjects who participated tufty m me nsk factor 
survey or who only completed the pnef question¬ 
naire or who participated in home inverviews 
were used to reduce non-response bias. Infor¬ 
mation on passive smoking, however, was only 
obtained from those who pantcipaied tufty m the 
survey. As for case subjects, current smokers 
in me control group were not asked about their 
exposure to passive smoking. 

Fibrinogen 

Blood samples ootamed from people wnc panet- 
psted fully tn the nsk lector survey were assayed 
10 determine fibrinogen concentrations This was 
not done tor case subjects because this was. ol 
course, impossible for fatal cases and for non- 
tatai cases the concentration ot fibrinogen m me 
Wood could be effected by me myocardial mtarc- 
uon and treatment for some time after the event: 
Blood samples were anucoagulated immediately 
after collection wmt disodium eaetete m 
commercially,suppled tubes. Plasma ftbnnogen 
was assayed by radioimmunoditfusion using 
commencally prepared plates (Behring. 
Germany) and Norpartigen Plasma Standard 
(Behnng. Germany) as the standard: 

St*Usticmt*n*lytn 

Age. sex and a pnor history of heart disease are 
important conldunoers ot the relationship 
between nsk of hesn attack or coronary death 
and smoking, so the estimaies from the case- 
Control study were adjusted lor thtse factors. 

, The statistical program GLIM was used to 
calculate adjusted odds ratios and approximate 
confidence intervals by logistic regression.'* 
Terms for,age (five-year age groups from 35-39 
» 64-69 years) and history (previous myocardial 
infarction or history of other ischaemc heart 
disease versus no history) and interaction 
between these two factors were included m the 
model as well as terms for the smoking variables. 

Any relationship between passive smoking 


and me nsk of heart disease may be affected 
by the persona own smoking history and so 
results tor non-smokers and ex-smokers were 
calculated separately The program Eo*-fnfo was 
used to calculate exact conhdene* intervals and 
lasts tor trend for crude odds raiios '* 
Fibrinogen concentrations are approximaiety 
fog-normally distributee and they increase with 
age and body mass moex fkgrm*). Therefore me 
logarithmic transformation was used and mean 
values tor smoking group* were compared after 
adjustment for the eovanatet of age end body 
mess index. The procedure GLM ot me SAS 
program was used ** For presentation of the 
results, estimated mean conce n tr a ti ons (g/L) are 
given for persons aged 50 years with a body 
mass mdex of 25, 

Results 

Prevalence rates lor passive smoking at 
home were higher among cases than 
controls and among woman compared with 
men. Prevalence rates for passive smoking 
ai work were around 40 6 A tor alf groups 
(Table 1 ). Many of the participants in the 
study, particularly the case subjects, were 
retired or, especially among women, did 


not work outside the home, so the numbers 
available for analysis of passive smoking 
at work were smaller man tnose for passive 
smoking at home 

For women the odds ratios for heart 
attack or coronary death tor those exposed 
to passive smoking ai home compared with 
those not exposed were 2 46 tor non- 
smokers (959* confidence interval JO]. 
y.47-4.13), and 1.48 for tx-smokers (954© 
Cl. 0i67-3.30) after adjustment lor age and 
history of hear disease. For men the 
corresponding adjusted odds ratios were 
0,97 (954* CL 0.50-1.86) lor non-smokers 
and 1.78 (954* CL 1.13-2.79} for •*- 
smokers (Table 2). 

The odds ratios tor passive smoking at 
work were not high and the confidence 
intervals were wide (Table 3V. 

To compare the magnitude of nsk associ¬ 
ated with passive smoking with risk associ¬ 
ated with active smoking, adjusted odds 
ratios for current smokers and ex-smokers 
compared with non-smokers are Shown in 
Table 4 There were consistent and statisti¬ 
cally significant dose-related gradients with 
current smokers having the highest odds 


TABLE 1: Prevalence of passive smoking at home and at work among cases and 
controls who did not themselves smoke 




At home 



Ai work 

Age (years u 

Cases 

Controls* 

Cases 

Controls* 

Men 






35-49 

304c 


104© 

4«V 

OS 6© 

50-59 

274c 


18H 

434 r 

464© 

60-69 

154c 


134© 

294© 

304© 

35-69 

Women 

204c 


124© 

404© 

440© 

35-49 

364* 


22»r 

504© 

394© 

50-59 

474c 


25° b 

504© 

454© 

60-69 

234© 



2?4© 

184© 

35-69 

2?4c 


**c t 

XlO© 

374© 

■ D*'.* Cpn:rc>X 

*r»o oancoaier. ii>*y 

1.1'vne t»cvD- svuo* 



TABLE 2: Passive smoking at home and risk of heart attack or coronary daath 


(odds ratios and 95H confidence intervals (CIJ) 



Numbers of subjects 


Crude 

Adjusted* 


Cases 

Controls 1 


OOOS ratio (Cl) 

ooos ratio (CU 

Men 

Nprv movers 






Exooseo 

Not exooseo 

22 

16t 

34 

259 


104(0 56 1:91 > 

0 97 (0 SO 1 -86) 

Ex-smokers 






Exposed 

Not exposed 

60 

256 

49 

263 


V8C P 20 2 74) 

1 78(1 13.2.79)1 

Women 

Norv-smoktrs 






Exposed 

Nov exooseo 

43 

117 

99 

433 


i 61 (i 04 2 47), 

2 46(1 47 4 T3V 

Ex-smo-ers 






Exooseo 

Nov exooseo 

23 

5"* 

3D 

121 


1 63 (0 62 3 19)! 

i 48(0 67 3 30' 


*344 «trr comro*? *rno l«*v ' *n© vj*ve> 

- A0«js:ec fo ape a«c n*»cry o» mvec*ro4 O' one- no- nuau O*. koeci xvcrrmio'- 

aoou: n-tioy o* ntr: 04i»« **• nciuoea >r. m,i iao*e 
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TABLE 3: Passive smoking at work and risk of heart attack or coronary death 
(Odds ratios and 95H confidence intervals (Cl]) 



Numbers of subjects 

Crude 

Adjusted 1 


Cases 

Controls* 

coos ratio (Ch 

Odds ratio (Cll 

Men 





NpfV*mo*efS 





Exooseo 

2' 

79 

0 90(0 50.1 60) 

0.95(0 61.1 78) 

No? e loosed 

48 

i26 



Evsmcwers 





£xoo*ec 

44 

85 

0.9* (0 56. 1.58) 

0.68 (0 49.1.59) 

Na exooseo 

55 

too 



Women 





Non-emofcers 





Exooseo 

6 

73 

0 71 (0 19. 2.27) 

0 66(0 1 7.2-62) 

Ha exposed 

12 

124 



Ex-tmo*ers 





-Exooseo 

5 

20 

7 45(0.29 7 18) 

221 (0 33. 14 95) 

Ha exooseo 

5 

29 



*D*U M£VT COTWOtt MO OSnCOSMO KAv ^iwre. 1*30 fcx*ev 


'«auMOtoi«gm 

ittcivv m^c*row«»iOOn'& cene* 

•awncwnOMW Or** «g 

ewes *wei MtovmeiQn 

•non nm&v 0 * rm*n omw momoso m ra 1 Mae 



TABLE 4: Smoking behaviour and risk of heart attack or coronary death 


(odds ratios and 95% confidence intervals [Cl]) 



Numbers o< subjects 

Crude 

Adjusted 7 


Cases 

Controls 

odds ratio 

odds ratio (CH 

Men 





Cu"eni smoxe^s 

2pj 

259 

226 

2 71,(2.07 3 53) 

Ex-smoxe^ 

374 

422 

1.60 

1.25 (0 98 1.60) 

NOn-S^oAerS 

197 

356 

1.00 

1.00 

Toiai 

B95 

1037 



Women 





Cunen; smokers 

127 

166 

2.95 

4 70(3 35 6 58) 

Et-smc^ets * 

86 

18J 

1.62 

1.51 (1 06 2.16) 

Non-smowers 

174 

679 

1 00 

1.00 

7oi»i 

387 

1031 
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or coronary death m me study population.** 
Also the control 1 group was obtained by 
random sampling from me tame popula¬ 
tion. Betore considering me magnitude of 
the effects shown, however,, it ts necessary 
to consider factors which, might have 
affected their accuracy: 

A potential source of bias in the case* 
control comparisons was that information 
on smoking was unobtainable lor many 
case subjects who had died. Among fatal 
case subjects for whom this information 
was available, however, the patterns of 
smoking (cunem smoker, ex-smoker or 
non-smoker) and passive smoking were not 
different from those lor non-fatai case 
subjects so it is plausible that fatal; cases 
tor whom information, was unobtainable 
also had similar patterns of exposure. 
Further. Mechlin et aJ. have suggested mat 
smoking habits of people who have died 
are accurately reported by relatives and 
other informants *• Thus any bias caused 
by missing data tor cases would probably 
be small. 

Another source of bias ts that people who 
respond to risk factor, surveys are less likely 
than non-rtspondents 10 be smokers. w In 
our, study non-respondents to the main 
survey (which included vtsrting a study 
centra and having physical measurements 
taken) were asked to reply to a brief mailed 
questionnaire, and some people who did 
not complete the brief questionnaire were 
visiied at home and interviewed. For men 
aged 35-69 years, smoking prevalence 
rates were: current smokers. 40% ex¬ 


ratios (4.70 lor women and 2.71 tor men) 
and ex-smokers and people exposed to 
passive smoking at home having lower, but 
still elevated, odds ratios compared with 
non-smokers. 

Fibrinogen concentrations lor partici¬ 
pants in the risk factor survey (i.e.. control 
subjects only) are shown in Figures 1 and 
2. Women had consistently higher mean 
values than men. Mean fibnnogen concen¬ 
trations were highest among current 
smokers, intermediate among ex-smokers 
and fowesi, for non-smokers. People 
exposed to passive smoking had higher 
levels than those not exposed (except lor 
passive smoking at home for women). The 
differences were not statistically significant 
(due 10 high variability in the measure¬ 
ments) but were consistent with a dose- 
response relationship with cigaran* smoka. 

Discussion 

The strength 1 of this study is that it was 


population-based with almosi complete smokers and 35% non-smokers lor the 
ascertainment of all cases of heart attack main respondent group, compared with 
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28%. 42% and 30% for those who replied 
to the brief questionnaire and 29%. 42% 
and 29% for those interviewed at home. 
The corresponding rates for women were 
14%. 19% and 67% tor the main group. 
21 %, 13% and 66 % lor respondents to the 
brief questionnaire and 31%. 16 % and 
53 % lor those interviewed at home. 

These results illustrate how non-res¬ 
ponse among control subjects can lead to 
underestimation of prevalence of smoking. 
It is reasonable to expect that if data had 
been obtained from everyone selected for 
the sample then the smoking rates and 
possrWy prevalence of passive smoking 
among controls would have been higher 
and 1 estimates of risk might have been 
somewhat tower. 

As the control group was selected from 
the electoral roll, bias associated with this 
sampling frame should be considered. 
Although registration on the roll is compuf- 
aory lor people born in Australia, about one 
in three of those aged 18 -ifi years are not 
enrolled and about one in 20 of those aged 
20-30 years; beyond that age only about 
1 in 50 eligible people are not enrolled.” 
People bom overseas are not necessarily 
required to enrol so they may be sys¬ 
tematically under-represented by the roll.” 
The distribution of countries of birth in the 
risk factor survey was similar to that for the 
whole study population recorded at the 
1986 Census: 66 % of participants were 
Australian-born compared with 89% of the 
ttudy population: 7% compared with 4% 
were bom in the United Kingdom or 
Ireland: 4% compared with 2% were bom 
in Northern Europe. 1 % were bom in 


Southern Europe in both the survey and 
the 1986 Census and 1 % were bom in 
other countries. 

Differences in the methods of data 
collection and truthfulness in reporting 
smoking habits might also have led to bias. 
Control subjects completed self-adminis¬ 
tered questionnaires whereas information 
for case subjects was obtained by a nurse- 
administered questionnaire or by mailed 
questionnaires completed by relatives of 
deceased case subjects. The most likely 
etlect of these differences would be for 
case subjects to under-report their smoking 
and this would reduce the magnitude of 
estimates of risk.” It is also possible that 
case subjects might exaggerate the extent 
Of their exposure to passive smoking, 
looking for "explanations'' of their disease. 

The eflects of confounding factors need 
to be considered. For example, in this 
study previous myocardial infarction or 
history of ischaemic heart disease was 
found to be a significant confounder for 
smoking and the risk of myocardial infarc¬ 
tion or coronary death. This is consistent 
with the observation that people with 
known head disease ere urged to give up 
smoking end often do so. Thus differences 
in magnitude of estimates of risk reponed 
from various studies will be affected by 
differences in prevalence of heart disease 
and in the extent to which this is taken into 
consideration in, the analysis. 

Another potential confounder is socio¬ 
economic status. Prevalence of cigarette 
smoking and hence the likelihood of 
exposure to passive smoking at home and 
possibly at work are higher among people 


Of tower socioeconomic status and so tt me 
prevalence of heart disease tn Australia ” * 
For example, in this study the distributions 
Of socioeconomic status as measureo by 
education were significantly different 
among cases and controls, after adjust¬ 
ment lor difference m age when control 
subjects were those who participated fully 
in the survey or completed the bnei 
questionnaire (for men. y* «94.i, 41 » 4 . 
P< 0.0001; for women. x''«50.7. df *4. 
P < 0 . 00011 ) 1 Adjustments for, this 
confounder were not included in the analy¬ 
ses because of the very small numbers in 
most cross-classified categories The effect 
Of this factor would be to increase risks 
attributable to active and passive smoking 
by including effects of other socioeconomic 
variables. 

Lack of statistical power is a limitation of 
this study For many companions the 
numbers of subjects were small — most 
notably for exposure to environmental 
tobacco smoke at work, because tew of the 
cases, especially among women, worked 
outside the home. Also: many factors 
increase the variation of fibrinogen 
measurements ” Although consistent 
differences were apparent, the results were 
not statistically significant and adding other 
covanates such as cholesterol levels did 
not reduce the variability: Far more 
subjects would have been needed to give 
unequivocal results. 

On balance, the effects of bias and 
confounding could have led 10 overestima¬ 
te of risks due to passive and active 
smoking. Nevertheless, the magnitude of 
increased nsks which we found lor passive 
smoking a: home and for current smokers 
and ex-smokers are similar to those 
reported by others.”*” In,most studies 0 I 1 
passive smoking and nsk of heart disease, 
the exposure has been at home, from a 
smoking spouse. Dose levels from 
exposure at work have been reponed to be 
higher because of the larger number of 
smokers and greater density of smoke.** 
Thus nsk associated with exposure at work 
might be expected to be higher man with 
exposure at home. Our, results do not 
support this as the odds ratios lor exposure 
at work are less than one (except tor 
women «x-smokers); although the confi¬ 
dence intervals are wide due to the small 
numbers of subjects. Alternative explana¬ 
tions should therefore be considered, such 
as: the possibility that dose levels of 
components of environmental tobacco 
smoke wnich cause heart disease art 
higher for those exposed at home Than at 
work; or inaccurate reporting m this study 
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of exposure at work (though fibrinogen 
levels are consistent with reponed 
exposure);; or effects of confounding 
variables not considered in this study. 

The increased fibnnogen concentrations 
among current smokers and ex-smokers 
are as expected.** ** v increased fibnnogen 
associated with passive smoking has not 
to our knowieoge been reponed before. 
This finding, although not statistically 
significant (possibly because^ me inade¬ 
quate statistical power of the study), sug¬ 
gests met passive smoking increases the 
risk of heart attack or coronary daath by at 
least some of the same mechanisms as 
active smoking. For fibnnogen. the effect 
is bekeved to be due to thrombogenesis 
rather than promotion of atherosdarosisr. 

In summary, mis study provides esti¬ 
mates of the prevalence of passive 
smoking in Australis in 1088-1989 and 
confirms previous findings of elevated risk 
of heart attack or coronary death associa¬ 
ted with passive smoking at home. It also 
suggests that passive smoking is assoc¬ 
iated with increased concentrations of 
fibrinogen and so that at least part of its 
effect is thrombogemc. 
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Australian patterns of tobacco smoking in 1989 


(for editorial comment. *•* page 76!) 


David J Hill. Viaona M White and Nigel J Ciray 


Obfpethn: To astimata the national prm* 
tone* of smoking. 

Drnmign; A total ol 4620 adults agad IS years 
end ovsr (2364 man, 2456 woman) ware 
surva/ad throughout Australia In 1969 by • 
Urge mark at research company. 

Sitting: Interviews wart conducted fci the 
participants’ homas. 

Rasu/rs: Overall, 30.2H of man and 27J>H 


of woman war* currant smokers; 21.9% of 
man and 18JH of woman war# past 
amokars. The mean daMy consumption of 
tactory-mada ogststtas among male smokars 
was 22 and among female smokers IS.9. 
Taking Into account the published tar content 
of the brand smoked. It was estimated that 
the average daily exposure lo tobacco tar lor 
man was 204 mg and for woman 157 mg. 


Occupational and educational ataius were 
inversely related to the prevalence of 
smoking. The most popular paekat size was 
25 (preferred by 4!H of smokers) and those 
in lower occupational and educational l 
categories ware more Ukaly to purchase 
cigarettes In largt packet sizes. 

Conclusions: Comparison with an eeriwr 
senes of studies commenced in i 974 showed 
trial trie national prevaUnce of smoking 
among adults has continued to tall, particu¬ 
larly among men. 

(Med J Auet 1991: 154: 797-601) 
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Garland, C., Barrett-Connor, E., Suarez, L., Griqui, M.H. and 
Wingard, D.L., "Effects of Passive Smoking on Ischemic Heart 
Disease Mortality of Nonsmokers: A Prospective Study," American 
Journal of Epidemiology 121(5): 645-650, 1985. 

In this study, a community of older adults in suburban 
San Diego, California, was surveyed between 1971 and 1974 for the 
prevalence of heart disease risk factors. They were then followed 
for an average of 10 years to determine vital status and cause of 
death. The nonsmoking women were classified according to their 
husbands' smoking. Of the 695 nonsmoking women, 19 deaths from 
ischemic heart disease were recorded. It was reported that, 
compared to women married to husbands who had never smoked, women 
married to current or former smokers had a relative risk of 14.9. 
j This was after statistically adjusting for age, systolic blood 

pressure, total cholesterol, obesity, and years of marriage. In a 
subsequent "erratum" the authors stated that the 14.9 value was an 
error and reported a corrected value of 2.7. ( Am. J. Epidemiol. : 
122 . 1112, 1985.) 

Criticisms 

1. Neither the relative risk of 14.9 claimed in the 
original article, nor the "corrected" value of 2.7, was reported to 
be statistically significant. 

2. The sample size was very small, consisting of only 

v 19 deaths from heart disease. 


Source: https://www.induStrydocuments.ucsf.edu/docs/ljpxOOOO 
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3. Questions have been raised in the literature, 
including by the 1986 National Academy of Sciences report, about 
the possible misclassification or misuse of the statistical test 
applied to the study. 

4. The relative risk from ETS exposure was assessed by 
grouping nonsmoking women married to either current or to former 
cigarette smokers. Grouping current with former cigarette smokers 
provides a particularly weak estimate of ETS exposure. 

5. Interpretation of the data is complicated due to 15 
of the 19 deaths occurring in nonsmoking women married to husbands 
who had stopped at the time of entry into the study. 

6. No information on any changes in smoking habits was 
available for the 10-year follow-up. 


Source: https://www.induStrydocuments.ucsf.edu/docs/ljpxOOOO 
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EFFECTS OF PASSIVE SMOKING ON ISCHEMIC HEART DISEASE 
MORTALITY OF NONSMOKERS 

A PROSPECTIVE STUDY* 

CEDRJC GARLANw, ELIZABETH BARRETT-CONNQR, LUCINA SUAREZ, MICHAEL H. CRIQUi, 

and DEBORAH L WTNGARD 

Garland, C. (Div. of Epidemiology, Dept of Community and Family Medicine, U. 
of California, San Diego, La Jolla, CA 92093), E. Banett-Connor, L Suarer, M. H. 

Criqui, and D. L Wingard. Efleets of passive smoking on ischemic heart disease 
mortality of non smokers: a prospective study. Am J Epidemiol 1985;121:645-50. 

The mortality attributable to ischemic heart disease as a result of cigarette 
smoking is greater than that due to lung cancer. Between 1972 and 1974, In a 
prospective study of t community of older adults in southern California, the 
authors tested the hypothesis that nonsmoking women exposed to their hus¬ 
band's cigarette smoke would have an elevated risk of fatal ischemic heart 
disease. Married women aged 50-79 years who had never smoked cigarettes (n 
ss 695)were classified according to the husband’s self-reported smoking status 
at entry into the study: never, former, or current smoker. After 10 years, non¬ 
smoking wives of current or former cigarette smokers had a higher total (ps 
0.05) and age-adjusted (p < 0.10) death rate from ischemic heart disease than 
women whose husbands never smoked. After adjustment for differences in risk 
factors for heart disease, the relative risk for death from ischemic heart disease 
in nonsmoking women married to current or former cigarette smokers was 14,9 
(p £ 0.10). These data are compatible with the hypothesis that passive cigarette 
smoking carries an excess risk of fatal ischemic heart disease.^ 

ischemic heart disease; longitudinal studies; mortality; smoking, passive 


Although cigarette smoke contains hy¬ 
drocarbons, nicotine, carbon monoxide, 
and multiple carcinogens (1—4), interferes 
with pulmonary function (5, 6) and with 
cardiac function in persons with cardiovas¬ 
cular disease (7), and is a well established 
risk factor for emphysema (8), lung cancer 
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(9), and cardiovascular disease (10) in 
smokers, the health effects of passive smok¬ 
ing are a subject of much controversy 
(1,11-15); 

Nonsmokers in enclosed places with. 
smokers are regularly exposed to smoke 
(15-17), the concentration of noxious 
agents in the air exceeds that in inhaled 
smoke (1), and a significant amount of nic¬ 
otine is absorbed by exposed nonsmokers 
(18,19). Recent studies suggest poorer pul¬ 
monary function in nonsmokers exposed to 
cigarette smoke at work (5), nonsmoking 
spouses exposed to smoking mates (6), and 
children exposed to smoking mothers (20- 
22), and an elevated frequency of respira¬ 
tory tract symptoms in exposed children 
(21, 23-25). Epidemiologic studies in 
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Greece (26, 27), the United States (28), 
Germany (29), Hong Kong (30); and Japan 
(31>34) indicated an excess risk of lung 
cancer in involuntary smokers. A prospec¬ 
tive study by Garfmkel of the American 
Cancer society cohort in the Uhiied States 
(13) found no excess risk of lung cancer 
from involuntary Bmoking, although the 
negative findings may be due, at least 
partly, to misclAssification of exposure to 
passive smoking (35). 

A cancer-registry-based study in Lancas¬ 
ter County, Pennsylvania, revealed no 
cases of lung cancer in nonsmoking Amish 
persons (who are unexposed to passive 
smoking because they live in a closed soci¬ 
ety which forbids cigarette use) in a popu¬ 
lation of 12,000 observed for a seven-year 
period (36). 

We hypothesized that an excess in is¬ 
chemic heart disease might be, shown in 
passive smokers, even when the amount of 
lung cancer induced would be too low to 
detect an excess risk, since mortality attrib¬ 
utable to ischemic heart disease as a result 
of cigarette smoking is greater than that 
due to lung cancer (37). This is because 
lung cancer, even in heavy smokers, is less 
common than ischemic heart disease. We 
further hypothesized that nonsmoking 
women old enough to have died of coronary 
heart disease would have had spouses who 
provided the major source of cigarette 
smoke, because until recently most women 
had little exposure to cigarettes in the 
workplace. 

We report here a prospective study of 
mortality from ischemic heart disease, as 
well as lung cancer, bronchopulmonary dis¬ 
ease (chronic bronchitis, emphysema, and 
asthma), and all-cause mortality, in non¬ 
smoking married women from a community 
of older adults who have been followed for 
10 years. 

Subjects and methods 

Between 1972 and 1974, the entire adult 
community of Rancho Bernardo, Califor¬ 
nia, a predominantly white, upper-middle- 


class suburb of San Diego, California, was 
invited to participate in a survey for the 
prevalence of heart disease risk factors. 
Eighty-two per cent of adults in the popu¬ 
lation responded to the survey. Respond¬ 
ents were representative of the total popu¬ 
lation with regard to age and sex (38). 

All participants had a standardized in¬ 
terview including questions about age; cig¬ 
arette smoking; history of past hospitali¬ 
zations for heart attack, heart failure, or 
stroke; and duration of marriage. Cigarette 
smoking was assessed as current, former, 
or never. The number of cigarettes smoked 
per day was determined only for current 
smokers, and no data were obtained about 
duration of smoking. Weight and height 
were measured in light clothing without 
shoes, and obesity was defined by body 
mass index (weight/height 5 x 100). Before 
the interview, after the participant had 
been seated for at least five minutes, blood 
pressure was measured with a standard 
mercury sphygmomanometer. Plasma cho¬ 
lesterol was measured by an Autoanalyzer 
in a standardized Lipid Research Clinic 
Laboratory. 

Vital status was determined by an annual 
mailing for an average of 10 years with an 
overall ascertainment rate of 99.6 per cent. 
Death certificates, obtained for all dece¬ 
dents, were coded by a certified nosologist 
according to the Eighth Revision of the 
International Classification of Diseases 
Adapted (ICDA) (39). Deaths were catego¬ 
rized as ischemic heart disease (ICDA 
410.0-414.9); cancer of the trachea, bron¬ 
chus, and lung (ICDA 162-163); chronic 
bronchitis, emphysema, asthma, chronic 
obstructive pulmonary disease (ICDA 491- 
493); and all causes. A death certificate 
diagnosis of ischemic heart disease was .val¬ 
idated by interviews with next of kin, phy 
sicians, and/or hospital records in 85 pe 
cent of a subsample of this cohort. Proce 
dures used at the time of the survey and fo 
follow-up have been described elsewher< 
(40-42). 

After exclusion of women who had a prio 
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history of heart disease or stroke or who 
reported that they currently or formerly 
smoked cigarettes, there were 695 currently 
married nonsmoking women who were di¬ 
vided into three mutually exclusive groups 
based on their husband’s self-reported 
smoking status at the time of entry into the 
study: never, former, or current smokers. 
Length of follow-up was virtually identical 
in all: groups. Differences in age-specific 
and total mortality rates were tested for 
significance by Fisher’s exact test (43). 
Mortality rates were then age-adjusted by 
10-year intervals, by the direct method and 
with the total study population as the stan¬ 
dard. The Mantel-Haenszel test was used 
to compare age-adjusted rates (44). Cox’s 
proportional hazards model (45) was used 
to i adjust cumulative mortality rates and 
relative mortality risks for age, systolic 
blood pressure, plasma cholesterol, obesity 
index, and!duration of marriage to current 
spouse. Regression coefficients were esti¬ 
mated by the method of maximum likeli¬ 
hood using a BMDP program (J3MDP-2L) 
(46); Since we were testing previous find¬ 
ings concerning the risk of passive smoking, 
statistical significance was assessed at one¬ 
sided p levels of <0.05 and <0.10. 

Since probability’ values from the Cox 
model are based on asymptotic normality 
assumptions, the values must be inter¬ 
preted with caution when cell frequencies 
are as small'as those in the present study. 
The Cox regression was performed as a 
means of summarizing the results and con¬ 
trolling for simultaneous variation in pos¬ 
sibly confounding risk factors. 

Results 

Characteristics of the 695 currently mar¬ 
ried women aged 50-79 years who reported 
that they never smoked cigarettes were 
analyzed according to husband’s smoking 
status‘at the initial examination (table 1). 
Women whose husbands never smoked or 
were former smokers were on the average 
older than wives of current smokers (p < 
0.05). Wives of never smokers had been 


married longer than wives of current smok¬ 
ers (p < 0.05). Although other differences 
were not significant, wives of nonsmokers 
tended to have higher systolic blood pres¬ 
sure and were slightly heavier for height. 
Plasma cholesterol did not vary signifi¬ 
cantly according to husband’s smoking his¬ 
tory. 

Among nonsmoking women, those mar¬ 
ried to former or current smokers had the 
highest age-adjusted death rates from is¬ 
chemic heart disease (table 2), Nearly one 
third of the age-adjusted mortality in 
women married to former smokers was at¬ 
tributable to ischemic heart disease. There 
were no deaths from bronchitis, emphy¬ 
sema, asthma, chronic obstructive pulmo¬ 
nary disease, or lung cancer in women mar¬ 
ried to never smokers, but there was one 
death from lung cancer in the wife of a 
former smoker and one death from chronic 
obstructive pulmonary disease in the wife 
of a current smoker. ^ 

Age-adjusted all-cause death rates were 
higher in wives of current smokers of 21+ 
cigarettes per day compared with those of 
smokers of l-2CLcigarettes per day (table 
3), but this result was not statistically sig¬ 
nificant. 

After adjustment for age, systolic blood 
pressure, total plasma cholesterol, obesity 
index, and years of marriage, the relative 
risk for death from ischemic heart disease 
for women married to current or former 
smokers at entry compared with women 
married to never smokers was 14.9 (p < 
0.10). The regression results showed that 
systolic blood pressure, which was on the 
average 3.8 mmHg higher in wives of non- 
smokers, significantly (p < 0.05) increased 
the risk of fatal ischemic heart disease. 
Women married to former smokers were 
not at excess risk of mortality from all 
causes (table 2). 

Because of reports in the literature of 
increased mortality during widowhood (47- 
50), we examined whether bereavement 
might have explained the excess mortality’ 
in wives of current smokers. We reanalyzed • 
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Table 1 


Characteristics of nonsmoking women according to husbands cigarette smoking status at entry, 1972-1974 


Wife*. 

characteristic* 


Husband'S emoting statue 


New 
(ft - 203) 

Former 

<1.-395) 

Cumnt 
<h - 97) 

Mean ± ttendard 
deviation 

Mean ± standard 
deviation 

Mean ± standard 
deviation 

Aft 

64.6* * 6.7 

65.4* ± 63 

62.1 ± 7.4 

Yean of mamsf* 

36.0* ± 123 

34.7 ± 13.6 

32.4 ±12.4 

Systolic blood prcwut 

140.1 * 223 

138.7 ± 23.1 

136.3 ± 20.1 

Obesity index 

330 ±0.58 

3.43 ± 0.49 

3.41 ±0.45 

PUima cholesterol 

225.7 ±36.1 

2263 ± 41.0 

226.7 ±34.6 


• Significantly pester than for wive* of current smokers at p S 0.05, 


Table 2 

Age-specific and age-adjusted 10-year mortality rates, 1974-1983, in nonsmoking women according to husband's 
cigarette smoking status at entry, 1972-1974 


Htuband * amokinj atatua 


Aft pwp of 

Nev»r 

Former 

Current 



No. of 

death* 

Population 
at nak 

% 

No. of 
daaths 

Population 
at risk 

% 

No. of 

daatiu 

Population 
at nak 

% 

Ischemic heart disease 










50-59 

— 0 

41 

0.0 

0 

82 

03 

0 

34 

0.0 

60-69 

0 

116 

0.0 

6 

192 

3,1 

1 

46 

23 

70-79 

2 

46 

43 

9 

121 

7.4 

1 

17 

53 

Crude rate 

2 

203 

1.0* 

15 

395 

33 

2 

97 

2.1 

Afe-adjusted rate 



13t 



3.6 



2.7 

All causes 










50-59 

1 

41 

2.4 

3 

82 

3.7 

3 

34 

83 

60-69 

12 

116 

103 

21 

192 

103 

6 

46 

13.0 

70-79 

9 

46 

19.6 

21 

121 

17.4 

3 

17 

17.6 

* 

Crude rate 

22 

203 

103 

45 

395 

' 11,4 

12 

97 

12.4 

Afe-adjusted rate 



11.0 



11.0 



133 


• Lower (p S 0.06) than combined rate for wives of current and former smoken. 
t Lower (ps 0.10) than combined rate for wive* of current and former smokers. 


risk of death from ischemic heart disease 
compared with wives of never smokers. 
Furthermore, the only two deaths attrib¬ 
utable to lung cancer, bronchitis, emphy¬ 
sema, asthma, or chronic obstructive pul¬ 
monary disease in nonsmoking women 
were in women married to current or former 
smokers. 

Although we followed 695 women for 10 
years and observed an adjusted relative risk 
of 14.9 for ischemic heart disease in non¬ 
smoking wives of current or former smok¬ 
ers, the total number of deaths was rela¬ 


the data excluding all deaths (n « 29) which 
occurred at any time after that of the hus¬ 
band and observed no change in the relative 
mortality risks from ischemic heart disease 
or from all causes (not shown). There was 
therefore no evidence that bereavement fol¬ 
lowing the death of a spouse caused the 
excess mortality. 

Discussion 

In this population of nonsmoking women 
aged 50-79 years, those married to current 
or former cigarette smokers had an elevated 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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Table 3 

Ten-year all-cause morudity rales in nonsmoking 
women married to current smokers, according to 
number of cigarettes per day smoked by husband 


No. of 

dfarenet 

No of Popu ' 

Crude 

Age-adjusted* 

per dsy 

at risk 

death 

dssLh rate 

sxDokrd 

rate (%) 

(%) 

by husband 

1-20 

9 72 

12.5 

12.6 

21 + 

3 25 

12.0 

21.1 


* Adjusted for age by the direct method with the 
tots! population at risk as the standard. 


tively small, and the results must be con¬ 
sidered provocative rather than definitive. 
Nevertheless, we conclude that the associ¬ 
ation is real for the following reasons. First, 
it appears from the data (table 3) that a 
dose-response relationship exists between 
quantity of cigarettes smoked by the hus¬ 
band and the age-adjusted mortality rate of 
the wife. Second, the association of is¬ 
chemic heart disease death with smoking 
by the spouse seems biologically plausible 
since carboxyhemoglobin concentration 
doubles in the blood of nonsmokers exposed 
to smokers in a poorly ventilated room for 
two hours (51), moderately elevated room 
levels of carbon monoxide can precipitate 
attacks of angina pectoris in persons with 
preexisting disease (7), and elevation of 
carbon monoxide and carboxyhemoglobin 
have been shown to decrease cardiac con¬ 
tractility and to raise left ventricular end- 
diastolic pressure in persons with cardio¬ 
vascular disease (8). 

Other explanations are possible (e.g., dif¬ 
ferent smoking patterns in men with chron* 
ically ill wives) but seem unlikely, in that 
we excluded from the analysis ail women 
with, a history of cardiovascular disease. 
Widowhood, more common in the wives of 
smokers, could have resulted in increased 
risk of death for these women because of 
the so called “broken heart" syndrome (47- 
50); however, bereavement was unrelated 
to the excess mortality in this cohort Al¬ 
ternatively, cigarette smoking by a husband 
could reflect an otherwise less healthy life¬ 
style shared by the wife; this possibility was 


not supported by comparisons of obesity, 
plasma cholesterol, and systolic blood pres¬ 
sure, all of which were similar or Ibwer in 
wives of current smokers compared with 
other women; We should also note that the 
results of this study are confined to passi ve 
smoking exposures in the marriage in effect 
at the time of entry into the study, and 
exposures during previous (or subsequent) 
marriages would be missed: This would 
tend to have a generally conservative effect 
on the results. 

To our knowledge, this is the first report 
of an increase in mortality from ischemic 
heart disease due to involuntary smoking. 
We hope that others will examine their data 
to determine whether this effect is present 
in other populations. If this association is 
confirmed, a strong public health argument 
exists for prohibition of smoking in en¬ 
closed spaces. Legislation is presently un¬ 
der consideration or in effect in many states 
and localities to this end (5). 
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ERRATUM 

The Journal has been notified by Dr. Cedric Garland of an error that went undetected 
by his co-authors and himself in a recent article (Garland et al., “Effects of Passive 
Smoking on Ischemic Heart Disease Mortality of Nbnsmokers: A Prospective Study”, 
Am J Epidemiol 1985;121:645-50). The authors incorrectly reported a multiple-adjusted: 
(Cox) relative risk of ischemic heart disease in nonsmoking women married to men who 
ever-smoked of 14.9, with a p value of p< 0.10: The relative risk should be 2.7, with the 
p value remaining at p < 0.10 as originally reported. The correction does not affect the 
conclusions, and other valbes in the tables and elsewhere in the text are correct. 
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LETTERS TO THE EDITOR 

SOCIAL FACTORS INFLUENCING DISEASE INCIDENCE 


Bfcrkqiand) BtitM, '... pathways Linking socioec- 
vironmemXconditions and social support to physical 
health outcoibts need to be more thoughtfully ex¬ 
plored** This statement is particularly applicable to 
Native Americans on>iwervations where attitudes of 
the population toward thKhealth care systems on the 
reservation have a profouno'ifnpact on the ability of 
the physicians and other healthcare providers to 
deliver a quality of medical care cohupensurate with 
their degree of expertise. 

More specifically, as a pediatrician whd s spent two 
years on a reservation, I was impressed by the N i<jde}y 
known,, high incidence of acute and recurrent ofe 
media among the Native American children (2L> 
the too often associated bearing deficits witlyiubse- 
quent learning diaabiliues (31 Too often npted was a 
lack of parental compliance with presented medical 
regimens and routine foll6w-up care recommendations 
for acute and recurrent otitis medjafI believe t cause 
and effect relation exists betweerfthe degree of paren¬ 
tal noncompliance with prescribed medical regimens/ 
routine follow-up care mrdmmendations and an in¬ 
creased incidence of rerfurent otitis media which, in 
turn, is known to ^Trelated to subsequent learning 
disabilities secondly to significant, recurrent, chronic 
hearing deficit^If better parental compliance could 
be achievedjtbe deleterious sequelae of recurrent otitis 
media, it J& hoped, could be significantly reducedJ 1 
feel that the attitudes of any population toward a 
given health care system piay a significant role in 
determining the ability of highly competent health 
care providers within a health care system to achieve 


a noteworthy frequency of parentaLdhd patient com¬ 
pliance. Positive attitude* of a^opulation toward a 
given health care system would probably result in 
increased patient and parental compliance which, m 
turn, would help decrease the frequency and seventy 
of treatable pathojppe*. 

In conclusioprlhe more one understands how social 
factors impact on disease incidence, the greater the 
likeliho^that health care providers will be able to 
haveXmore positive impact on a given population 
.thus, generate a higher degree of patient/parental 
smpiiance resulting in reduced morbidity and' mor¬ 
tality. 

RamaNcas 

:man LF. Social network*, support, and health: taking 
the aiep forward. Am J Epidemiol 1966;123:569-62. 
BlueitobaCD. Recent advance* in the patbofeneeu, di- 
•gnotu ands^Dtaagement of otitii media. Psdiatr CUn 
North Arc 19$Y^28:727-55. 

Paradise JL OtiulKmedia during early life: bow hazardous 
to development** Pechatncs 1981,-68:869-73 

Albert F. DiNicoia 
Division of Pefk^nc Endocrinology 
Stanford Unwerstty Medical Center 
Stanford, CA 94305 s 


Editor's note: in accordance with Journal policy, &\Berk~ 
man was asked if she wuhed to respond to Dn DLNicoia si 
but the chose not to do to 
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RE: -EFFECTS OF PASSIVE SMOKING ON ISCHEMIC HEART DISEASE 
MORTALITY OF NONSMOKERS: A PROSPECTIVE STUDY* 


Garlhnd et al. (1) reported initially that as a result 
of a near 10-year prospective study, with data analyxed 
by highly sophisticated statistical methods allowing 
adjustment for various factors, it was found that wives 
of current or former smokers had an increased relative 
risk for death from ischemic heart disease of 14.9, 
highly suggestive if not nominally significant (p s 
0.10). A subsequent erratum (2) states that the relative 
risk of 14.9 was erroneous and should have been 2.7, 
p remaining at sG.10. Conclusions in the report were 
stated not to be affected, other values in the tables 
and elsewhere to be correct. 

However it was the 14.9 relative risk which was at 
the heart of the initial report No other relative riaka 
were cited in the report. The 14.9 relative risk was 
repeated several times in the report and motivated the 
suggestion that legislation might be needed A nonsig¬ 
nificant relative nsk of only 2.7 hardly conveys the 
authority for such action. Furthermore, I note that the 
authors give some justification for using one-sidfcd P 
levels on the basis that they were testing previous 


ftndingi. Yet in their final paragraph they state that 
to their knowledge, their report was the first to relate 
increased mortality from ischemic heart disease to 
involuntary smoking. Ih that case, p should be S0.20, 
not significant at all, and even less supportive of the 
need for action. 


Rcixxincu 

1. Garland C. Barrett-Connor E Suarez L, at al Effect* of 
paaeivc emoking on tecbexxuc bean d iaeaae mortality of 
notumokert: a prospective study. Am J Epidemiol 
1965 : 121 : 645 - 50 . 

2. Erratum. Am J Epidemiol 1965,122:1112. 


Nsthan Mantel 
Af at hematics, Statistics and 
Computer Science 
The American University 
Bethesda, MD 20614 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511729 



) 


A • JJ . & Q V, \XS" p •>-<£.2. 


, *1 V~> 



LETTERS TO THE EDTTOR 
THE FIRST AUTHOR REPLIES 


notice 

Thls <nater^/ ; may o* 

protected by cooyngnt 

(Title 17 UiS. CedJ.).i 


The error to which Mantel refers (1) was corrected 
previously (2). The results of the study (3} remain the 
.fame overall: nonsmoking women married to men who 
smoked had higher total (p s 0.05), age-adjusted 
(p < 0.10), and multiple-adjusted (p < 0.10) rates of 
fatal ischemic heart disease than those married to men 
who did not. The findings have been replicated in 
women by Hirayama (4) and Gillis et ai. (5)j and in 
MRFIT men by Svendsen et aL <6h 


RtfEJllNCtS 


nonsmokera: a prospective study. Am J Epidemiol 
1985:121:646-50. 

4. Hirayama T Table 6; Mortality from ischemic beam 
diaeaaea in women by age group and smoking habit of 
husband In: Passive smoking and lung cancer. Paper 
presented at the World Congress on Smoking and Hsaith, 
Winnipeg. July 1983. 

5. Gillis CR. Hole DJ, Hawthorne VM, at al. The effect of 
environmental tobacco smoke in two urban communities 
in the west of Scotland Eur J Rasp Dia L984;65<Suppl 
L33):l21-6. 

6. Svendasn KH, Kuller LH. NeatoD JD Effects of<passive 
smoking in the Multiple Risk Factor Intervention Trial 
(MRFIT)j (Abstract-) Circulation 1985.72:11]-53 


1. Mantel N. Re: “Effect* of passive smoking on ischemic 
bean disease mortality of nonsmoken: ■ prospective 
study " (Letter.) Am J Epidemiol 1987;125;64L. 

2. Erratum Am J Epidemiol 198£;122:1H2. 

3. Garland C. Barrett-Connor E. Suarez L. at al. Effect* of 
passive smoking on ischemic heart disease mortality of 


Cedric Garland 

Department of (Community and 
Family Medicine 

University of Calif onua, San Diego 
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*EXCESS MORTALITY FROM STOMACH CANCER, LUNG CANCER, Atyrf 
ASBESTOSIS AND/OR MESOTHELIOMA IN CROCIDOUTE MINING DISTRICTS' IN 

SOUTH AFRICA’ 


Permit us to drkw your attention to the following 
aspects of an article puhUshed in the A mencan Journal 
of Epidemiology on mobility in crocidolite mining 
diistricta in South Africa (l) 

In the abstract it is statedXT'bese findings, 
are likely to be due to erposuhtto South African 
crocidolite during mining and millhtfor to environ¬ 
mental contamination." In the case ophite females 
and colbred females, most personnel wft* subject to 
environmental exposures only, which is nb*. evident 
from the authors' remarks on page 38. 

While the authors stress that until 1977 asbe*tp«u 
and/or mesothelioma were combined under ICI 
467, not a singlk case of asbestosis is known to havi 
been contracted by environmental exposure to asbes¬ 
tos. 

The investigations were based entirely on death 
certificates. The accuracy of death certificates has 
been questioned all over the world. In South Africa 
there is a special problem in that in the rural areas of y 
the Nbrthem Cape—and elsewhere in this vast cot 
try—the bulk of death certificates of coloreds have/fot 
been completed by medical personnel but by members 
of the South African police. During the eari^yean 
under review this may also have applied ts isolkted 
white farmers and their families. This prwrfice appar¬ 


ently still continues according to inquiries to the legal 
advisers of the South African Medical Association. 

In the South African Mesoth^iotna Register, there 
was in October 1963 s total o&lJ22& cases since 1956 
of which 510 cases had no/cnown connection with 
asbestos. Some of these may be spontaneous cases (2). 
By March 1985, the toyf had increased to 1,459 and 
the number of “unknownr and/or spontaneous cases 
to 639, ie., more tWi 50 per cent of the increase (J. 
C. A. Davies, National Centre for Occupational 
Health, personyxommumcation): 

RgfZRENCtS 

BothyfL, Irmg LM. StrebellPM. Excess mortality from 
■tomfcch cancer, lung cancer, and asbestosis and/or mat- 
otJftlJoma in crocidolite mining district* is South Afnca. 
» J Epidemiol 1986423J30-40. 

itional Centre for Occupational Health, annual l report 
for 1 

\ 

Hi P. Han 

South African Asbestos Producers 
Advisory Committee 
$ox/Bus 105Q5 

nnesburg 2000 
Sothri Africa 


THE AUTHORS REPLY 


Mr. Hart’s statement thaf/“In the case of white 
females and colbred females, most personnel were 
subject to environment exposures only" (1) 
strengthens our deduction that "a major part of the 
impact may have be^jr through environmental rather 
than occupational jdposure" (2, p. 38). Our deduction 


was baaed on the increased risk fo^sbestosis and/or 
mesothelioma deaths that occurred “mttonly for male# 
but also for females, who, according Ul records, had 
not been employed on mines until 1950\pd then at 
lower rates than males in most districts" (ZSp. 38). 

Mt Hart does not cite a reference for his athfement 


> 
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He, Y., et al., "Women's Passive Smoking and Coronary Heart 
Disease," Chung Hua Yu Fang I Hsuch Tsa Chih 23(1): 19-22, 1989. 

This was published as a Chinese article with an English 
language abstract. It reports a case-control study of 34 coronary 
heart disease cases among women, who were classified according to 
their own and their husband's smoking behavior. The cases were 
otherwise matched to controls on the basis of age, race, residence 
and occupation. The authors report a statistically significant 
increase in the heart disease odds ratio for nonsmoking women 
married to smokers. A significant dose-response relationship was 
also claimed. 

Criticisms 


1. The English language abstract provides very few 
details on which to evaluate the article. 

2. There are several editorial and bibliographical 
errors which are apparent even though only the abstract is available 
in English. These may raise questions about the overall credibility 
of the report. 


3. The report is based on a small sample size of only 
34 heart disease cases. 

4. The report comes from a Chinese military hospital, 
a data source of unknown reliability. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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5. This is a case-control study, and suffers from common* 
problems with such studies, such as difficulties in establishing 
appropriate control groups and controlling for potential confounding 
variables. 



.) 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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by coronary arteriography and 12 myocardial infarction) 
aod 6* of; non-CHD control* (34 hospital based and 34 
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race, residence, occupation (and case is to control as 
1:2). were interviewed regarding the smoking habits of 
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the study. The logistic regression model analysis with 
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found that the metabolism of HDL-cholbsicrol and 
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oklag in females and Coronary Boart Disease 

By Y. He, L.X.Li, C.C. Fong, Instituta of Infeetiou* Diseases, 
and L.S. Li, X.L. Cheng, Q.L. Qua, Department of Cardiology and 
Internal Medicine, Xian Medical College. 

ABSTRACT 

Thirty four cases of women with coronary heart diseasa (CHD) 
(22 cases diagnosed by coronary arteriography and 12 cases 
diagnosed as having myocardial infarction) were used in an 
Investigation designed to assess the association between passive 
smoking in women and the establishment of CHD. The odds ratio (OR)' 
of non-smoking women developing CHD as a result of exposure to 
passive smoke is 3.0-3.5 (p<0.05). A dose response relationship 
was detected between the number of passive smoke exposure years and 
the increase in OR for CHD. Multiple regression analysis shows 
that of the many risk factors for CHD, passive smoke exposure is 
significantly correlated with CHD. Women exposed to passive smoke 
alee showed abnormal levels of serum LDL-C, HDL-C, apoAl and apoB. 

Xey words 

coronary heart disease, coronary arteriography, passive smoke 


Experimental investigations have demonstrated that the 
chemical constituents generated in the sidestream smoke often 
contain the same harmful chemicals as in mainstream smoke inhaled 
by smokers, and that there is considerable adverse effects 
contributed by sidestream smoke to non-smokers who are passively 
exposed. 1 ' 1 A number of reports have appeared showing a correlation 
between passive smoke and the damage to lung functions, increased 
incidence of lung cancer, and angina pectoris/*'* A limited number 
of investigations have bean focused on the subject of passive smoke 
in the People's Republic of China, and have only concentrated on 
studying the influence of passive smoking on lung functions. 7 In 
this communication we report the relationship between passive smoke 
exposure end femsle patients who vers hospitalised because of 
coronary heart disease. 
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Materials and Xsthoda 


Subjects consisted of patients hospitalized between 1985-1967 
and diagnosed aa having coronary haart diaaaaa and myocardial 
infarction. They vara matched employing tha 1:2 method aa follows: 
thoaa who vara admitted because of possible coronary heart disease 
and were later confirmed by coronary arteriography to be normals; 
patients with endocrine dysfunctions but free of CHDs; and people 
randomly selected from the population. Thus three groups were 
included in tha present investigation: Croup 1, those hospitalized 
and diagnosed with CHDs or myocardial infarction; Croup 2 , those 
hospitalized with endocrine problems but having no symptoms of 
CHDs, and Croup 3, normals from the general population. 

Each of tha subjects in the three groups vas interviewed using 
a standardized questionnaire. Some of the guestione addressed 
included : subjects and the spouses smoking history, ths age at 
which smoking began, the average daily cigarette consumption. 
Active and passive smoking were defined as follows : 1. Smoking at 
least one cigarette per day for a period of at least one year. The 
spouse is defined as an ax-smoker if he has already stopped smoking 
at least 5 years at the time of interview. 2. wife who is a non- 
smoker but has lived with a smoking husband for at least 5 years is 
classified as a passive smoker. 3. If husband is a smoker before 
marriage, the wife exposure begins at time of marriage. 
Alternatively, the wife can become exposed after marriage if the 
husband picks up the smoking habit after marriage. Total exposure 
time is determined by divorce, death of husband, or when the 
husband quite smoking and becomes an ex-smoker. 4. Single female is 
considered to be equivalent to a female without a smoking spouse. 
To verify the accuracy of the data collected by tha structured 
interview, tape recording was used and randomized re-interview was 
performed. 

Subject group consist of 34 cases (22 cases diagnossd with 
chd, and 12 cases diagnosed with myocardial infarction). Control 
group consist of 34 hospitalized subjects (with 13 suspected of 
CHDs but later confirmed to be normals) and 34 randomly selected 
matched for race, occupation, residence and age (+/- 5 years). 
Multiple regressions! analysis vas performed and the data analyzed 
suing a Sun-68000 electronic calculator. 9 

Xesulta 

1. Comparison between the subject and the Control arovps 

No significant differences exist between the two groups in 
regard to age, education, the marriage age. The mean ages of the 
diseased and control groups are 53. 714. 28 and 52.9315.24, 
respectively (t-1.282, p>0.05) 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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2. iffsots of Vtiiivt Smoking 

Table 1 shows a comparison between disease and paired control 
groups. The OR of getting CHD for nonsmoking women living with a 
smoking husband is 3.00, with a 95% CX of 1.256-7.166, i.e. the 
risk of women getting CHD is 3 times higher for those with husbands 
that smoke compared to those with nonsmokers husbands. 


Table l. A comparison of Passive Smoking Statue 
in Diseased and Control Groups 


Control Group 


Diseased 44 12 9 

Group - 3 4 2 


OR 


3.00 


OR 95% CX 


1.256-7.168 


X 2 (P)> 


6.117 (< 0.05) 


A. Dose Response Relationship 

Table 2 illustrates the association between husbands' average 
daily cigarette consumption, passive smoke • exposure years, 
cumulative passive smoke amount index, and the ORs of getting CHD. 
There is a noticeable doss response relationship, i.e. as the 
amount of passive smoke exposure increeses, the risk of getting CHD 
also becomes greater. 

Table 2. Dose Response Relationship between 
Passive smoke Exposure and CHDs 


Subject Control OR x l 


Husbands daily 
cigarstts consumption 

0 9 38 1.000 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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1.8B0 


) 


) 


<20 

12 

>20 

13 

Passive Smoke 


Exposure Years 



22 2.303 

8 6.861 10.098** 


0 

610 

9 

4 

38 

9 

1.000 

1.877 

0*266 

£20 

t 

11 

3.071 

2.581 

>20 

13 

10 

5.489 

8.230** 

Cumulative Passive 
Smoke index (Years) 





0 

9 

38 

1.000 

• ■ l t » 

1-199 

4 

11 

1.535 

0.066 

200-399 

6 

11 

2.303 

1.009 

400-599 

6 

5 

5.067 

4.054* 

600* 

9 

3 

12.667 

11.358*** 

_W P<0.05 

~P<0*01 





B. Aisociation with clinical Diagnosis 

In the patients group, 21 cases vers diagnosed with angina 
pectoris and 13 caseB with myocardial infarction. The number of 
passive smokers in both clinical settings is similar (X 2 • 1.298, 
p>0.5). These results are illustrated in Table 3. The results 
show that angina pectoris is clearly and significantly correlated 
with passive smoking. Although myocardial infarction in the 
passive smoking group show an OR of greater than l, it did not 
reach statistical significance, which say be related to the small 
•ample size. 
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Table 3. Clinical Diagnosis in Passivs Smoke Group 




Exposure to Passive Smoke 

Exposure to Passive Smoke 



Yes 

No 

Yes 

No 

Subject 

Group 

Angina Pectoris 

17 4 

Myocardial Infarction 

8 5 

Control 

Group 

20 

22 

10 

16 

OR 


4.675 



2.550 

X* 


5.035 



1.018 

P 


<0.05 



>0.05 


C. Blood cholesterol and Lipoprotein Leval Changes in 
Fassiva Smokers 

By controlling for age, weight, and other risk factors, a 
decrease in serum HDL-C end apoAl levels was found In passive 
smokers, whereas LDL-c, apoB and apo B/Al levels are higher than 
those not exposed to passive smoke. The level of HDL-C, apoAl and 
apoS/Al levels are significantly different between the subject and 
control groups (Table 4) 
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Table 4. Blood Cholesterol and Serum Lipoprotain levels 
In Female Passive Smokers 



control 

Group 

CHD Croup 


Non-txposed 

Exposed 

Non-sxpossd 

Exposed 

Number 

26 

20 

9 

24 

Total 

cholesterol 

(mmol/L) 

4.4210.65 

4.4710.68 

5.1510.86 

5.8010.73* 

LDL (mmol/L) 2.3410.66 

2.5210.68 

3.3510.86 

3.8510.71 

KDL (mmol/L)1.4110.16 

1.2910.18* 

1.2610.21 

1.1210.17* 

LDL/KDL 

1.7410.51 

1.9810.60 

2.7510.79 

3.4210.74* 

epoAl (g/L) 

1.2710.24 

1.1110.23* 

0.9510.18 

0.8110.13* 

apoB (g/L) 

0,7110.17 

0.7410.14 

1.0310.17 

1.1610.20 

apoB/apokl 

0.6110.19 

0.6710.22 

1.2110.40 

1.3610.22* 


*P<0.05, P value* refer to comparison between non-exposed and 
exposed cases. 


3. Multiple Logistic Regression Analysis 

Savan risk factors believed to contribute to CHD were 
subjected to logistic regression analysis. These factors include: 
history of hypertension (xl), family history of hypertension (x2) , 
family history of CHD (xl), history of passive smoke exposure (x4), 
history of drinking (x5), exercise performance test (x6) and 
history of hypercholesteremia (x7). The results are shown In Table 
5. 

Table 5. Multiple Regression Analysis of CHD Risk Factors 


Bi Var(Bi) S(Bi) ETD(Bi) or g p 


History of 

Passive smoke 0.406 0.069 0.083 4.87 1.5004 16.93 <0.01 

History of 

Hypertension 0.714 0.052 0.227 3.147 2.0429 6.90 < 0.01 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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DISCO08ZO» 


To avoid and minimize biaa introduced in atudiaa using 
hospitalitad subjects, tha prasent invastigations compared the 
subjects groups to two control groups, ona group consisting of 
patients hospitalised for reasons other than CKDs, and a second 
group randomly aalactad from tha general population. These two 
control groups are compared to the CHD-dissaeed group. 

Investigations on tha effects of passive smoking in females 
are sore difficult to perform than comparable studies aimed at the 
effects of active smoking, because the effects of passive smoking 
may be dependent on euch factors ss humidity, ventilation end other 
indoor environmental conaidarations. Studies to date have not been 
able to produce e widely accepted standardized protocol for this 
type of investigation. One of the methods which have been used to 
assess passive smoke exposure in females reliea upon the smoking 
status of spouses, which have been used in several previous 
published reports.'**' 4 The method eppe&rs to provide a cartain 
degree of simplicity, feasibility, and ralative objectivity. 

Female passive smokers have an OR of 3-3.5 in getting CHD, 
with 95% Cl greater than 1. The exposure dose is associated with 
angina pectoris, in agreement with results of other investigators. 
The associations remain after adjusting for potential confounders, 
suggesting that thare is a direct correlation between passive 
emoking and CHD in famalea. Additionally, our investigations also 
shoved alterations in blood cholesterol and lipoprotein levels, 
indicating that an alteration in tha metabolism of cholesterol 
and/or lipoprotein could contribute to CHD in female passive 
smokers. According to Scott et al. 1 , 85% of indoor smoke is due to 
sidestream smoka, which la known to contain a higher concentration 
of many toxic chemicals than mainstream smoke, and prssumably 
exhibit a mora pronounced adverse health effect. Previous studies 
have shown that an increase in blood COHb levels capable of 
producing an obviously untoward effect in people with heart and 
lung diseas**. 1 Arrownow studied 10 subjects with angina pectoris, 
and reported a doubling of blood COHb 2 hours after exposure to 
indoor tobacco smoke in a poorly ventilated environment. These 
subjects also showed a 33% reduction in time of exercise before 
reaching a perceived exertion. The mechanism, hovavar, remains to 
be investigated. 


Zn People's Republic of Chine, 33.88% of population age>15 
years are smokers and 61% of males regular smokers. The Indirect 
public health consequences of smoking has not received enough 
attention. Despite the limited number of eases used in the present 
Investigation which obviously have severe restrictions, it suggests 
that passive emoking is related to CHD in fesalee. Thus, snokinc 
in publie should be restricted 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Helsing, K.J., Sandler, D.P., Comstock, G.W. and Chee, E., "Heart 
Disease Mortality in Nonsmokers Living With Smokers," American 
Journal of Epidemiology 127(5): 915-922, 1988. 

In 1963, a private census was taken in Washington' County, 
Maryland, at which time information was collected on smoking habits 
and a variety of other variables. Death certificates were monitored 
for the subsequent 12-year period, ending in 1975. The study itself 
focused on white nonsmoking men and women aged 25 or over who were 
available during the follow-up period. ETS exposure was based on 
the presence and extent of smoking by other persons also living in 
the household. The endpoint data concerned deaths from 
"arteriosclerotic heart disease," which includes coronary heart 
disease. 

) 

Based on 1358 deaths from arteriosclerotic heart disease, 
Helsing, et al. reported statistically significant risk elevations 
in both sexes associated with household exposure, after adjusting: 
for age, marital status, years of schooling, and quality of housing. 
For men, the relative risk was 1.31, but there was "little evidence 
of a dose-response relation." (p. 915) Among women, the relative 
risk was 1.24, and a statistically significant dose-response 
relationship was also reported. 

Criticisms 


) 


1. Attempts to estimate 
household smoking were particularly 


ETS exposure from data on' 
inadequate because the data 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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were collected on smoking in 1963, yet many changes probably 
occurred in smoking behavior during the subsequent 12-year follow¬ 
up. This concern was noted by the authors. 

All smoking data were obtained in the 1963 
census, so no provision can be made for changes 
in smoking habits which we know took place as 
a result of publicity about health effects of 
smoking. (p. 921) 

2. Other changes in the compositions of the households 
may have occurred during the follow-up period. Although the 
authors assume that any changes might influence the ETS comparison 
groups randomly, this is mere speculation. 


We also have no data on changes in the 
household composition which may have occurred 
prior to or after 1963. Thus, we implicitly 
assume that any such changes occurred randomly 
in the population. (p. 921) 

3. Although an attempt was made to adjust statistically 
for some potential heart disease risk factors (age, sex, etc.), no 
data were available on many potentially important risk factors for 
heart disease such as diet, exercise, blood pressure, and; 
cholesterol. 


We have very little data on other risk factors 
for arteriosclerotic heart disease in the study 
population. . . . other factors such as diet 
and exercise might differ in families with and 
without smokers; we cannot ignore the 
possibility that such differences could 
influence our findings. (p. 921) 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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4. 


No data were available for ETS exposure outside the 


home. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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HEART DISEASE MORTALITY IN NONSMOKERS LIVING WITH 

SMOKERS 

V 

K. J. HELSING , 1 D. P. SANDLER,' G. W. COMSTOCK , 1 and E. CHEE 1 

Helling, K, J. (The John* Hopkins Training Center for Public Health Research, 
Hagerstown, MD 21740), D. P. Sandler, G. W. Comstock, and E. Chee, Heart 
disease mortality in nonsmokers living with smokers. Am J EpWamW 
1948;127:915-22. 

A private census of Washington County, Maryland, In 1963 obtained Information 
on smoking habits of all adults in the census, and death certificates of all residents 
who died In the next 12 years were coded for underlying cause of death and 
matched to the census. Among the white population aged 25 and over, 4,162 
men and 14,873 women had never smoked. In this group, death rates from 
arteriosclerotic heart disease were significantly higher among men (relative risk 
(RR) * 1.31, 95% confidence Interval (Cl) 11-1.6): and women (RR ■ 1.24, 95% 
a 1.1-1.4)' who lived with smokers in 1963, after adjustment for age, marital 
status, years of schooling, and quality of housing. Among women, the relative 
risk increased significantly (p < 0.005) with increasing level of exposure; among 
men, there was little evidence of a dose-response relation; The relative risks for 
stonsmokars who lived with smokers were greatest among both men and woman 
who were younger than age 45 in 1963, but the number of deaths in these groups 
was small, and confidence intervals were broad. These results suggest a small 
but measurable risk for arteriosclerotic heart disease among nonsmokers who 
live with smokers. 

heart diseases; smoking; tobacco smoke pollution 
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The association of cigarette smoking 
with arteriosclerotic heart disease deaths is 
well-known (I), and it is now increasingly 
suspected that the presence of smoke in the 
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environment may pose a risk to non- 
** smokers. Evidence on the possible associa¬ 
tion of what iB called passive smoking with 
arteriosclerotic heart disease is as yet far 
from conclusive, and both the Surgeon 
General’s recent report (2) and that of the 
National Research Council of the National 
Academy of Sciences (3) emphasize the 
need for additional studies. As pointed out 
by the Surgeon General, because heart dis* 
ease is so prevalent, even a small increase 
in risk associated with passive smoking 
could have a substantial public health im¬ 
pact. 

Some epidemiologic studies have been 
conducted concerning the possible associa¬ 
tion of arteriosclerotic heart disease with 
passive smoking. A recent case-control 
study by Lee et al. (4) reported no consis¬ 
tent evidence of greater passive smoke ex- 
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posure among 118 hospitalized nonsmoking 
cases than among nonsmoking controls 
hospitalized for reasons considered unre¬ 
lated to smoking. Gillis et aL (5) reported 
results of up to 10 years of follow-up for 
8,128 Scottish adults aged 45-64 years who 
participated in a multiphasic health screen¬ 
ing exam and for whom smoking history of 
a spouse or partner was known. At the 
initial examination, nonsmoking women 
who lived with smokers had slightly more 
cardiovascular symptoms such as angina or 
abnormal electrocardiogram than non- 
smokers who were not exposed No such 
excess was reported for men. At follow-up, 
death rates from myocardial infarction for 
nonsmoking men and women married to 
smokers were midway between rates for 
nonexposed and those for active smokers. 
The number of observed deaths was small, 
and differences were not statistically sig¬ 
nificant Garland et al. (6, 7) reported a 
dose-response relation in women aged 50- 
79 years between the amount their hus¬ 
bands smoked and death rates from isch¬ 
emic heart disease, but the number of 
deaths was small, and the differences were 
less than statistically significant, despite a 
relative risk of 2.7. Hirayama (8) reported 
in his 15-year prospective study that there 
was a significantly higher risk of ischemic 
heart disease among Japanese women 
whose husbands smoked as compared with 
those whose husbands did not smoke, as 
well as a significant dose-response relation 
with amount smoked. Svendsen et al. (9), 
in the Multiple Risk Factor Intervention 
Trial prospective study, found that non¬ 
smoking men whose wives smoked had 
roughly twice the risk of coronary heart 
disease morbidity and mortality compared 
with those whose wives did not smoke. Of 
particular interest is their finding of no 
difference between the two groups in blood 
pressure or cholesterol levels. 

Data from a private census conducted in 
1963 and other records available in Wash* 
ington County, Maryland, were used to 
evaluate the heart disease risk associated 
with household smoke exposure among 


nonsmoking adults. The results of this 12- 
year follow-up study are reported here. 

Materials and methods 

In July 1963, a private census obtained 
data on an estimated 98 per cent of the 
household* in Washington County, Mary¬ 
land. Information included aex, age, race, 
marital status, years of schooling, and 
homing characteristics for all 91,909 indi¬ 
viduals enumerated. Information on ciga¬ 
rette, cigar, and pipe smoking habits as well 
as frequency of church attendance was re¬ 
corded for each household member aged 
16Vfe or older as of July 15, 1963: A follow¬ 
up of a 5 per cent sample of the households 
in the 1963 census was conducted in 1971 
in order to assess the probability of still 
living in Washington County after eight 
years. Since age, marital status, years of 
schooling, and frequency of church atten¬ 
dance were the only characteristics that 
showed significant association with re¬ 
maining in the county, a probability of re¬ 
maining in the county was calculated for 
each adult in the census aged 25 and over 
based on those factors and was entered on 
the census tape. These probabilities allow 
the population remaining in the county to 
be estimated at any point in the eight-year 
period. Since only about 2 per cent of the 
noninstitutionalized 1963 population was 
black, the present study is confined to 
whites. 

All death certificates of Washington 
County residents who died between July 
1963 and July 1975 have been coded as to 
primary, contributing, and underlying 
causes of death without knowledge of cen¬ 
sus data, and the information was entered 
on the census tape for decedents who were 
in the 1963 census. The Seventh Revision 
of the International Glassification of Dis¬ 
eases (1CD) (10) was used for coding causes 
of death; for this study, we used only deaths 
with underlying causes of death classified 
as arteriosclerotic heart disease including 
coronary disease (ICD 420) and other myo¬ 
cardial degeneration (ICD 422). We also 
analyzed deaths for which arteriosclerotic 


I 
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bear! disease was listed on the death certif¬ 
icate but not coded as the underlying cause 
of death to confirm that similar associa¬ 
tions were observed The category other 
myocardial degeneration was included be¬ 
cause many physicians in this community 
refer to deaths due to coronary artery dis¬ 
ease as arteriosclerotic cardiovascular dis¬ 
ease, which is classified under ICD 422. 

For the current study, all adults were 
assigned smoking contribution scores (ta¬ 
ble 1) ranging from 0 to 12 based on their 
reported smoking histories—never smoked, 
present or ex-smoker of cigarettes, cigars, 
or pipe, and amount smoked In general, 
current smokers were assigned scores that 
were twice those of ex-smokers of like 
amount. The only exception to this was for 
persons who only smoked a pipe and/or 
cigars; census data did not distinguish be¬ 
tween current or past pipe or cigar smokers. 
When pipe and/or cigar smokers also cur¬ 
rently smoked cigarettes, however, they 
were assumed to be current pipe and/or 
cigar smokers. The contribution to house¬ 
hold exposure of only pipe and/or cigar 
smoke was treated as less than that of 
current smokers of fewer than 10 cigarettes. 
Although the household exposure from a 
pipe or cigar may equal or exceed that from 
a cigarette, it was arbitrarily assumed that 
cigar or pipe smokers who never smoked 
cigarettes would, in general, smoke fewer 
pipes or cigars per day than light cigarette 
smokers. Only 9 per cent of spouses of 

Tablx i 


Calculation of each person < contribution to tmoke 
exposure in the home 


Smoking statue 

Ei* 

uokir 

Current 

smoker 

Never smoked 

0 

0 

Cigan and/or pipe only* 

1 

I 

Cigarette* 

<10/day 

1 

2 

10-20/<Uy 

3 

6 

21+/d*y 

6 

10 

If cigar* and/or pipe in addition 

to cigarette*, add 

1 

2 


* Census data did not distinguish between ex* end 
current pipe or cigar smokers. 


nonsmoking females smoked only pipes 
and/or cigars. Thus, the impact of this ar¬ 
bitrary ranking of pipe and cigar smokers 
and current light smokers is not likely to 
be large. A household exposure score was 
calculated as the sum of the contributions 
of all persons living in that household, and 
each person’s passive smoke exposure score 
is the household score minus his or her own 
contribution to it. 

A housing index (ranging from 0 to 10) 
based on running water, number of bath¬ 
rooms, type of heating system, cooking fuel, 
and availability of telephone is a rough 
indicator of quality of housing. In the ab¬ 
sence of solid data on household income, 
the housing index acts as a surrogate mea¬ 
sure, particularly to identify the very low- 
income households. 

Among the 22,973 white men and 25,369 
white women aged 25 and over in the 1963 
census, 4,162 men and 14,873 women re¬ 
ported that they had never smoked. The 
calculated 1969 midpoint remaining popu¬ 
lation of these nonsmokers, based on the 
1971 follow-up, was 3,454 men and 12,345 
women; these constitute the population of 
interest for this study. 

Death rates were calculated as deaths in 
12 years per 1,000 midpoint population, 
adjusted for age, housing quality, marital 
status, and years of schooling by the binary 
variable multiple regression procedure de¬ 
scribed by Feldstein (11) and adapted for 
epidemiologic use by Shah and Abbey (12). 

Results 

Table 2 shows the characteristics of the 
Washington County white population aged 
25 and older originally listed in the 1963 
census and the percentage in each category 
reporting that they had never smoked. As 
was characteristic of that period, relatively 
few men but more than half the women had 
never smoked Among men, there was a 
slight tendency for the better educated to 
have a higher percentage of nonsmokers, a 
trend opposite to that among women. 

Characteristics of the population of in¬ 
terest for this study, those who never 
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Table 2 


Percentage af original census population who reported they hod never smoked, by demographic characteristics, 
whitet aged E3S yean, Washington County, MD, 1963 _ 



Men 


Women 


Characteristic 

No. 

% sever 
smoked 

No. 

% ©ever 
smoked 

Total 

22*73 

18.1 

25*69 

68.6 

Age (year*) 

26—44 

10,928 

16* 

11,652 

46:7 

45-64 

6,104 

16.1 

6*78 

53:3 

65-64 

3,631 

17.2 

4,001 

70.1 

66+ 

3,310 

27.6 

4*38 

86.6 

Marital statu* 

Married 

19,699 

17.4 

18,704 

55.4 

Other 

3,274 

22.4 

6,665 

67.6 

Grade* of school completed 

0-8* 

9,977 

19.1 

9,929 

68.5 

s-u 

4,527 

13.1 

6,497 

624 

12 

6,256 

19.1 

6*02 

54.4 

13+ 

3,213 

20.4 

3,141 

47.6 

Housing index 

0-7 

4,591 

15.9 

4*12 

69.9 

6-10 

16,382 

18.7 

20*57 

684 


* Include* participant* for whom grade* of school completed was not known. 


smoked, are listed in table 3, which shows 
the calculated midpoint populations in 
1969 and the percentage of each group ex¬ 
posed to tobacco smoked by others in 
the household. For both men and women, 
the percentage exposed to environmental 
smoke in the home tends to drop with in¬ 
creasing age and with higher quality of 
housing. There is, however, a sex difference 
in the association of education with per¬ 
centage exposed, nonsmoking men showing 
slightly increased exposure with more years 
of schooling and nonsmoking women show¬ 
ing a slight trend in the opposite direction. 
In addition, married men are less likely and 
married women more likely to be exposed 
to the amoke of others in the home. 

Table 4 Bhows the adjusted rates of death 
from arteriosclerotic heart disease (I CD 
420 and 422) in the 12-year period 1963- 
1975 among men and women who never 
smoked, according to their level of passive 
•moke exposure at home. The overall rates 
are adjusted for age, quality of housing, 
marital status, and years of schooling. For 
men, the relative risk for those with some 
household exposure compared with the 


nonexposed is statistically significant (rel¬ 
ative risk (RR) « 1.31, 95 per cent confi¬ 
dence interval (Cl) 1.1-1.6)* but the trend 
with increasing exposure is negligible. For 
women, both the difference between the 
exposed and nonexposed (RR * 1.24, 95 
. per cent Cl 1.1-1.4) and the trend of in¬ 
creasing mortality with increasing levels of 
exposure in the borne (Cochran chi-square 
« 9.2, p < 0:005) are statistically signifi¬ 
cant The balance of table 4 presents the 
adjusted arteriosclerotic heart disease mor¬ 
tality rates for each age group by level of 
smoke exposure at home. The age group 
25-44 years shows the highest relative risks 
for both men and women, but because of 
the very small numbers, the 95 per cent 
confidence limits are quite broad Never¬ 
theless, it is worthy of note that seven of 
-the eight age-sex groups show increased 
risk of arteriosclerotic heart disease deaths 
with passive smoke exposure in the home, 
and five of the eight indicate a trend with 
increasing level of exposure. 

Results have been shown only for heart 
disease deaths that were classified as un¬ 
derlying cause of death. Although not 
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Table 3 


Distribution of midpoint population of whites aged ^25 years who never smoked, by sex, percentage ex posed to 
smoke at home, and demographic characteristics, Washington County, MD, 1 963- J975 




Men 

Women 


Characteristic 

No. 

% expos*d 
is the home 

No. 

% expossA 
in the borne 

Total 

3,464 

293 

12,345 

66 J> 

Age (year*) in 1963 

25-44 

1,502 

30.0 

4,618 

72.0 

45-64 

731 

343 

2453 

72.1 

55-64 

554 

28.2 

2,472 

624 

65+ 

667 

24.4 

2,702 

506 

Marital statu* 

Married 

2,929 

27.2 

9,033 

75.7 

Other 

525 

42.7 

3412 

374 

Grade* of school completed 

0-8* 

1678 

27.0 

5,589 

62.7 

9-11 

604 

29.4 

2,455 

70.0 

12 

862 

31.7 

3,158 

68.6 

13+ 

510 

34.1 

1443 

60.6 

Housing index 

0-7 

694 

33.7 

24138 

68.2 

8-10 

2360 

28.7 

10,107 

64.9 


• Include* participant* for whom grade* of school completed was not known. 


shown, death rates and relative risks were 
also calculated for heart disease deaths 
coded as a primary cause or a contributing 
cause of death. A total of 461 nonsmoking 
men and 1,281 nonsmoking women had 
arteriosclerotic heart disease listed on the 
death certificate. Of these, 80 per cent of 
men and 77 per cent of women were consid¬ 
ered to have heart disease as the underlying 
cause of death. Results were similar 
whether or not heart disease was considered 
by the nosologist to be the underlying cause 
of death. For example, the adjusted relative 
risk among exposed nonsmoking women 
compared with nonexposed women was 1.2 
for heart disease listed anywhere on the 
death certificate and 1.1 when heart disease 
was on the death certificate but not consid¬ 
ered to be the underlying cause of death. 
For males, the corresponding relative risks 
were 1.3 and 1.4. 

Discussion 

The findings of thiB study tend to con¬ 
firm those of Hirayama (8), whose relative 
risk from ischemic heart disease was 1.3 for 
nonsmoking women married to smokers; 


our relative risks, however, are consider¬ 
ably lower than those of Garland et al. (7) 
and Svendsen et &L (9) and higher than 
those of Lee et al. (4). 

There are a number of strengths in this 
study. Information on smoking was col¬ 
lected for each person in 1963, and follow¬ 
up procedures were the same for everyone. 
Some potential biases were thus avoided: 
those involved in asking people (or their 
family members) about prior smoking hab¬ 
its after an illness or death, when recall 
may be colored by an unconscious search 
for any possible cause of the illness, and 
those involved in selecting controls from 
hospital populations. Furthermore, smok¬ 
ing histories were recorded prior to publi¬ 
cation in 1964 of the Surgeon General's 
first report on smoking and health (13) and 
the subsequent increase in concern about 
smoking. 

Obviously, the home is not the only place 
where nonsmokers may be exposed to to¬ 
bacco smoke. Any association of household 
passive smoke exposure with heart disease 
mortality may, in this study, appear weaker 
than the actual association to the extent 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511753 




Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 




PASSIVE SMOKING AND ARTERIOSCLEROTIC HEART DISEASE 


921 


that some of those presumed to have aero 
or moderate exposure at home were actually 
subjected to moderate or heavy passive 
smoke at work or elsewhere outside the 
home. In this population and during the 
years of the study, among women aged 25 
and over, about 50 per cent were nonwork¬ 
ing housewives who would be less likely to 
be exposed to tobacco smoke outside the 
home than men, the vast majority of whom 
were employed. This may in part explain 
the greater consistency over age groups 
among women than among men in the in¬ 
crease in relative risk with indicated level 
of exposure. 

All smoking data were obtained in the 
1963 census, so no provision can be made 
for changes in smoking habits which we 
know took place as a result of publicity 
about health effects of Bmoking. Data from 
a 1975 private census replicating the 1963 
census Bhow that the percentage of current 
cigarette smokers in the 40- to 49-year age 
range, for example, dropped from 78 per 
cent to 44 per cent among men and from 
50 per cent to 36 per cent among women. 
On the whole, then, our household passive 
smoke exposure scores based on 1963 cen¬ 
sus data will tend to be higher than the 
actual exposures in later years and to that 
extent may exaggerate the amount of ex¬ 
posure required to match with a given risk 
of death from arteriosclerotic heart disease. 
We also have no data on changes in the 
household composition which may have oc¬ 
curred prior to or after 1963. Thus, we 
implicitly assume that any such changes 
occurred randomly in the population. 

We have very little data on other risk 
factors for arteriosclerotic heart disease in 
the study population. We have tried to ad¬ 
just for some: smoking, by restricting the 
study to nonsmokers; age and sex, by as¬ 
sessing the risk separately for eight age-sex 
groups; and housing quality, marital status, 
and years of schooling, by binary variable 
multiple adjustment. A final check by mul¬ 
tiple logistic and Poisson regression adjust¬ 
ment gave virtually identical results. Two 


other studies encourage us to disregard hy¬ 
pertension and cholesterol as possible con¬ 
founding factors. The Garland et al. (6, 7) 
study showed no significant differences in 
systolic blood pressure, obesity index, and 
plasma cholesterol between women married 
to present or ex-smokers and those married 
to men who never smoked. Similarly, the 
Svendsen et aL (9) study showed no signif¬ 
icant difference in blood pressure and 
serum cholesterol between men whose 
wives smoked and those whose wives were 
nonsmokers. However, other factors such 
as diet and exercise might differ in families 
with and without smokers; we cannot ig¬ 
nore the possibility that such differences 
could influence our findings. 

In summary, this 12-year study of a non¬ 
smoking population of white men and 
women aged 25 and over suggests that non- 
smokers who live with smokers are at a 
higher risk of death from arteriosclerotic 
heart disease than those who live with non- 
smokers. It seems reasonable to suppose 
that tobacco smoke is a factor in the in¬ 
creased risk. 
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This was a prospective study of a large group of men and 
women from aged 40 and over in Japan. The participants were first 
surveyed in 1965 and then followed from 1966 through 1981. Of a 
total of 265,118 people in the study, 91,540 were nonsmoking women. 
These were classified according to the smoking habits of their 
husbands. Over the course of the follow-up, a total of 494 
nonsmoking women died from ischemic heart disease, based on which 
a statistically significant relative risk of 1.31 was reported for 
women whose husbands smoked 20 or more cigarettes per day compared 
to women married to nonsmokers. The Hirayama study also reports 
statistically significant elevations in the lung cancer rates of 
nonsmoking women married to smokers. 

Criticisms 


1. Important potential risk factors for heart disease 
were not controlled, such as systolic blood pressure and plasma 
cholesterol. 


2. No information was collected on ETS exposure outside 
of the home, such as in the workplace or elsewhere. 

3. The study involved a disproportionately large number 
of individuals of lower socioeconomic status. In Japan, there are 
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socioeconomic differences in the use of charcoal or kerosene stoves 
and other cooking habits, which may involve exposure which could 
confound any possible effects of ETS. 

4. The population studied was unrepresentative of 
Japanese society, in that it was based primarily on an agricultural 
population. 

5. Inaccuracies in estimates of ETS exposure may have 
occurred from potential misclassification of the wives' smoking 
habits. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511759 



Lung Cancer: 

Causes and Prevention 


Proceedings of the International Lung Cancer Update Conference, 
held In New Orleans, Louisiana, March 3-S.19S3 


Edited by 

I 

Merle Mliell and Pelayo Correa 



4 



veriag 
chcmic _ 
international 




Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511760 


CHAPTER 14 


Lung Cancer 
In Japan: 

Effects of Nutrition 
and Passive 
Smoking 

TAKESHI HIRAYAMA 

Epidemiology Division, National Cancer Center, Roeutk bucmitc, 
Tsukjji 5-chome, Ghuo-ku, Tokyo 104, Japan 


ABSTRACT 


Lung cancer is on a sharp increase in both men and women in Japan. Nonsmoking wives 
with smoking husbands were found to carry an elevated risk of lung cancer and ischemic 
heart disease by a large-scale cohort study, 1966-1981, for 265,118 adults in 29 Health Center 
Districts in Japan, the risk steadily going up with the increase in number of cigarettes smoked 
by the husband. In major cancers other than lung, no such riik elevation was observed. A 
nonsmoking husband with a smoking wife also showed an elevated risk of lung cancer. The 
risk-reducing effect of daily intake of green-yellow vegetables on lung cancer was observed 
for passive smoking just as for active smoking. Those women eating green-yellow vegetables 
daily showed a significantly lower risk of lung cancer from the passive influence of their 
husbands’ smoking. Such risk reduction was not observed for ischemic heart disease. The 
observed results suggest that the influence of husband's smoking cm nonsmoking wives in 
raising the risk of lung cancer is as a cancer promoter rather than a cancer initiator. This pro¬ 
moter hypothesis may explain why such continuous but Icnw-dose exposure of passive Book¬ 
ing, which starts after adult age is reached, significantly elevates lung cancer risk in non¬ 
smoking wives. 

Kty Words: Japan, cohort study, passive smoking, lung cancer, ischemic heart disease, 
green-yellow vegetables, 0-carotenc, promoter, promoter-inhibitor * 
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Introduction 

4T 

The mortality from lung cancer has been increasing rapidly in Japan (Figure 1). 
The number of deaths among males was 520 in 1947 and 17,555 in 1982, the cor¬ 
responding number for females was 248 and 6661. 

There exists little sign of a slowing down of the rate of increase, and the number 
of deaths from lung cancer are expected to exceed the number of deaths from 
stomach cancer in the near future. In parallel to this trend the number of cigarettes 
•old in Japan also has been on a sharp rise (Figure 1). The random sample survey 
conducted by the Tobacco Monopoly Corporation in 1982 revealed that currently 
70.1 % of adult males and 15.4% of adult females smoke in Japan. 

The purpose of this chapter is to study the causative factors of lung cancer in 
Japan with special reference to the effect of passive smoking relative to the effect of 
active smoking The possible influence of nutrition, 0-carot cne-rich green-yellow 
vegetables in particular, on the risk enhancing effect of active and passive smoking 
also is studied. 


Methods 


The materials of our ongoing large-scale cohort study for 265,118 adults aged 40 
yean and above in Japan were analyzed in detail to discover factors altering the 
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Figure 1. Trends in cigarette consumption and lung cancer deaths in Japan (1950-1981). 
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risk of lung cancer in both men and women. For statistical analysis, programs in¬ 
cluded in the book Epidemiologic Analysis with a Programmable Calculator (U.S. Depart¬ 
ment of Health, Education and Welfare, 1979) mainly were used. 


Results 

Active Smoking and Lung Cancer Risk 

Cigarette smoking was identified by far the most important cause of lung cancer 
in Japan, both by case-control studies conducted by the author and ocher research¬ 
ers and by a Urge-scale cohort study (1-6) being conducted by the author for 
265,118 adults (122,26! men and 142,857 women) aged 40 and above (95% of 
census population) in 29 Health Center Districts in Japan. These subjects were 
surveyed in October-December 1965 and followed up from January 1966 until 
December 1981. A dear-cut dose-response relationship was observed between the 
number of tigarettes ever smoked and the age-standardized mortality rate of lung 
cancer. The mortality rate of lung cancer also was found to be higher the earlier 
smoking was begun when age and total number of cigarettes ever smoked were 
standardized (Figure 2). The lung cancer-standardized mortality rate was observed 
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Figure 2. Lung Cancer, (a) Artained age- and amount of smoking-standardized mortality 
rate by age ai start of smoking, (b) Attained age- and age at start of smoking-sundardized 
mortaliry rate by total amount of cigarettes ever smoked. (Prospective study, 1966-1978 
Japan.) 
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io be 16.3% lower in smokers who do not inhale compared to regular deep in¬ 
halers, and 46.9% lower in smokers of fihertip cigarettes compared to smokers of 
nonfihertip cigarettes, according to our cohort study. The risk of Jung cancer in 
daily smokers also was noted to approach gradually that of nonsmoken with the 
.lapse of years after smoking cessation, risk difference diminishing by 41.6% in 5 
years after stopping the habit. This strongly suggests the major part of the influence 
of smoking during adulthood is the promoter action of substances included in 
- mainstream smoke. 

Effect of Nutrition on Active Smokers 

Daily intake of green-yellow vegetables, rich in 0-carotene, was found signify 
9 cantly to lower the risk of lung cancer (7, 8), particularly when the total amount of 

cigarettes ever smoked was less than 300,000 (6) (Figure 3). No other dietary habit 
showed such risk reduction, Risk reduction after smoking cessation appeared to be 
more pronounced in case of daily consumers of green-yellow vegetables. Taking 
similar evidence in laboratory studies into consideration, a promoter-inhibitor in¬ 
teraction model was conceptualized. 
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Figure 3. Standar di zed mortaJiry rate for lung cancer by total number of ogarenn ever 
smoked and by frequency of green-yellow vegetable intake; males. (Prospective study, 
1966-1978.) 
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Passive Smoking and Lung Cancer 

* In the present cohon study (1966-1981), 427 deaths from lung cancer in women 
were recorded during 16 years of followup (1966-1981). Of these wpmen, 269 were 
married, and 200 of these also were nonsmokers. These cases occurred among 
91,540 nonsmoking married women whose husbands* smoking habits were 
studied. The risk of lung cancer was carefully measured, taking into consideration 
possible confounding variables. There was a statistically significant increased risk 
in relation to the extent of the husband's smoking (Figure 4), which confirmed the 
.validity of previous reports (9, 10). The association was significant when observed 
by age of husbands (Table I, Figures 1 and 5) and also by age of wives (Table 2). 
The further detailed analysis on materials cross-tabulated by age and occupation of 
the husband also confirmed the association (Table 3); The husband's drinking 
habits were noted to have no effect in raising the risk of lung cancer in nonsmoking 
wives (Table 4). 

-Similar significant risk elevation of lung cancer with the inaease in the extent of 
husband's smoking also was observed with ischemic heart disease when observed 
by husband’s age and occupation (Tables 5 and 6). The significant risk elevation of 
.cancer of the nasal sinus also was observed in nonsmoking wives with husband’s 
smoking. The risk elevation of emphysema and chronic bronchitis with spouse's 
smoking also was noted with borderline significance. However there was no 
tendency of risk elevat ion at ail in major cancers other than lung (total of cancers of 
stomach, cervix, and breast), the standardized mortality rate in nonsmoking wives 
being almost exactly the same regardless of the husband’s smoking habit (Table 7, 
Figure 6). 
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Figure 4. Age-standardised mortality rate ratio for lung cancer in nonsmoking wives by 
smoking habits of their husbands. (Prospective study, 1966-1981, Japan.) 
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Table 1. Mortality rale for lung cancer in women by age group and by smoking habit of 
husband (patient herself a nonsmoker): prospective study, 1966-2981; Japan* 


Husband's smoking habit 


Number of agamies a day 


Husband's 
age group 

Konsmoker 

Lx-aznoker 

M4/d 

15-19/d 

S0+/d 

Total 

No. Pop. 

No. Pop. 

No. Pop. 

No. Pop. 

No. Pop. 

No. Pop. 

40-49 

4 6,229 

1 1,255 

• 8.621 

6 

3,158 

16 10,764 

35 32,027 

50-59 

10 7,791 

3 1,922 

20 9.668 

8 

4,052 

24 9.820 

65 33,253 

60-69 

18 7,120 

11 2,687 

28 7.243 

9 

2,513 

23 4,651 

89 24,214 

70-79 

5 755 

2 348 

2 612 

1 

105 

1 226 

11 2,046 

Total 

37 21,895 

17 6,212 

38 26.144 

24 

11.828 

64 25.461 

200'91.540 


*TKf weighted pocni 


cwtnvMr of rate 

Ml 

2.01 


2.38 

2.71 

9*4to and lew- 1.00 

1.36 

1.42 

1.58 


1.91 

hoard 90% 

685 

1.01 


0.98 

1.34 

confidence bmit* 





Mamd ettouion 




2.02 


X* 2 915 



1.43 



one-tail 




1.0* 


p value 0 00178 

Mam rl-Ham or 1 X* — 

10855 

1-8290 


3.0295 

•nr-tad p value 

0.1389 

6.0337 


00012 


Table 2. Monaliiy rate for lung cancer m nonsmoking wives by smoking habit of hus¬ 
bands and by age group of w ife: prospective study ; 1966*1981, Japan* 


HushasMf's amoking habit 

Number of agamies a day 


Wiir’i 

*PI«f 



l-19/d 

ttK/d 

Tout 

No. 

Pop. 

No. Pop. 

No. Pop. 

No. 

Pop. 

40-49 

4 

7.918 

21 17.492 

21 12.615 

46 

38,025 

50-59 

14 

7,635 

46 15,640 

31 8.814 

91 

32,089 

60-69 

16 

6,170 

31 10^81 

10 3,793 

57 

20,344 

70-79 

3 

172 

1 671 

2 239 

6 

1,082 

Total 

37 

21,895 

99 44.184 

64 25,461 

200 

91.540 

“The weighted point 







ootmair of r*ic 



2.01 

153 



ratio and test* 


1.00 

1.41 

1.74 



baaed 909- 



• 99 

1.19 



confidence knu 





Mamdi 

enmm 






8* 2.424 

MamH Hamorl »' 



1.8042 

2-3731 

one-tail 


one-tad p value 



0.0543 

00088 

P value 

000768 
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Figure 3. Age-specific monality rate Cor lung cancer per 100,000 in nonsmoking wives by 
•molting habits of their husbands. (Prospective study, 1966-1981, Japan.) 

Table 4. Monality rate for lung cancer in women by age group and by alcohol drinking 
habits of husband: (patient herself a nonsmoker): prospective study, 1966-1981 . Japan 


Husband's drinking habits 


Husband's 

Nondrinker 

Oca*. Rare 

Daily 

Obscure 

Total 

age group 

No. Fop. 

No. Fop. 

No. Fop. 

No. 

Fop. 

No. Fop. 

40-49 

12 6,141 

10 13,677 

13 9,935 

0 

74 

35 32.027 

30-59 

12 7,437 

29 14.666 

24 10,766 

0 

364 

65 33*253 

60^69 

23 6.741 

33 9,234 

27 7,606 

4 

633 

69 24.214 

70-79 

1 666 

5 666 

4 369 

1 

105 

11 2.046 

Total 

46 21,005 

79 40,443 

66 26,916 

5 

1,176 

200 92.340 

TV wnfhied point 







caunaif at rair 


1.61 

1.99 




ratio and tot* 

1.00 

\M 

Ml 




baaed 90* 


6.66 

0.77 




coabdracr Inuu 






Mimd cstenaion 







X* 0 626 

MAnid-Hasad j' 


-0 1019 

0 4364 



—r tail 

— r tail p value 


0.4594 

0.3240 



p value 0.26366 
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Table 5. Mortality rale for ischemic heart diseases in women by age group and by smok¬ 
ing habits of husband: prospective study, 1966-1981, Japan 


Husband's smoking habit — 

Husband’s 
age group 

Nonsmok cr 

Number of eigarms a day 

Ex-smoker 

MV/d 2V+/d 

Total 

No. Pop. 

No. Pop* 

No. Pop. 

No. Pop. 

40-49 

13 6,229 

40 15,034 

S3 10.764 

•6 92.027 

50-59 

26 7,791 

56 15,642 

49 9,620 

131 33,253 

60-69 

65 7.120 

J2S 12.+43. 

47 4,651 

237 24.214 

70-79 

14 755 

19 1,065 

7 226 

40 2.046 

Total 

116 21.695 

240 44,164 

136 25,461 

494 91.540 

Ut* weighted potni 





Mimiif of ntt 


1.33 . 

. 163 


ratio and im- 

too 

t.IO 

fiji 


bawd 90% 


0.91 

* 1.06 


cmrdtna Imua 




Mwid oifnaoe 





X • 2 073 

Mantd- Hamad *' 

_ 

0.0504 

20723 


oac-uii p vabc 


0.1976 

0.0191 

f wwfm 0.01909 
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Figure 6. Standardized mortality rate rat io for selected causes of death in 91,540 nonsmok* 
ing women by smoking Habits of their husbands. (Prospective study, 1966-1961, Japan.) 
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Table 6. Monaliry me for Uchemk bean diaeaae in women by age, occupation, and 
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Tabic 7a. Mortality rate* for major cancer* other than lung in women by age group and 
by smoking habit of husband (patient herself a nonsmoker): pro s pective study „ 1966- 
1981 .Japan* 



• : 

Husband** 
age group 

Husband** 

smoking habit (cigoretu 


Total 

Noowunkrr 

Ea-emokcr 

1-lf 

10* 

Mo. Pop. 

No. Pop. 

No. Pop. 

No. Pop. 

f. 


40-49 

44 6.229 

117 15,034 

71 10,764 

232 32,027 

j 


' 50-59 

97 7,791 

191 15.642 

119 9,820 

407 33,253 

1 


60-69 

160 7,120 

274 1 2,443 

106 4,651 

540 24.214 



70-79 

14 755 

20 1,065 

8 226 

42 2,046 

i 


Total 

315 21.895 

602 44,184 

304 25,461 

1,221 91,540 

f 


“The weighted potM 





j 


(am«( of rate 


111 

1.05 




ratio and icat- 

100 

1.00 

1,00 


t 


baaed 90% 


«.» 

0.95 


4 

* 


apnfidoci lank* 




Maotd camata 

1 






*-0.113 

i 


Mantd'HSentad V 

_ 

-0 0015 

00449 

oor-tail 

v 


oar tad p value 


0.4994 

0.4031 

p Wut 0.4542 

l.: 


Table 7 b. Mortality rates for major cancers other than lung in women by ajt, occupa- 


lion, and smoking habit of the husband (patient herself a nonsmoker)* 


Huabanda 

*P 

(yean) 

Occupation* 

Nonsmokcr 

No. Pop. 

Ix-inoko 
or l-l 9/day 

No. Pop. 

*20/day 
No. Pop. 

40-49 

Total 

45 

6.229 

120 

15,034 

74 

10,764 


1 

2 

324 

1 

653 

3 

566 


2 


90 

1 

231 

2 

293 


3 

9 

906 

17 

2.247 

12 

1.867 


4 

3 

476 

• 

993 

8 

1,044 


3 

17 

2,502 

59 

5,941 

35 

3.636 


6 


46 


165 


106 


7 

1 

177 

6 

486 


426 


8 

10 

1,112 

21 

3,431 

13 

2.241 


9 

1 

162 

4 

345 

1 

243 


10 

2 

432 

3 

542 


340 

30-59 

Total 

96 

7,791 

195 

15,642 

122 

9,820 


I 

13 

345 

2 

593 

3 

446 


2 

2 

175 

1 

253 

1 

319 


3 

14 

617 

16 

1,764 

10 

1,324 


4 

1 

653 

16 

1,133 

9 

1,092 


5 

49 

3.497 

81 

6,112 

56 

3,514 


6 

- 

35 


89 


50 


7 

fc 2 

120 

4 

273 

2 

234 


8 

12 

1,375 

49 

3,478 

31 

2,155 


9 


164 

7 

378 

4 ■ 

251 


10 

5 

610 

17 

869 

6 

435 

60-69 

Total 

161 

7.120 

227 

12,443 

106 

4,651 


1 

5 

227 

5 

327 

2 

179 


2 

5 

91 

3 

143 

3 

124 


3 

7 

305 

11 

594 

3 

327 


4 

5 

508 

28 

822 

12 

500 


3 

102 

4,084 

158 

6.845 

58 

2,152 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Table 7 b. (coot.) 


Hnbisdi 

M* 

Occupation* 

Nona 

Ho. 

Broker 

Fop. 

Ex smoker 
•r l-19/day 

No. Fop. 

fc20/cUy 
No. Fop. 


6 


9 

1 

31 


14 


7 

! 

' 45 

3 

92 

2 

55 


• 

10 

905 

40 

1,794 

17 

736 


9 

2 

121 

3 

208 


92 


to 

24 

925 

25 

1,607 

7 

472 

70 ♦ 

Total 

14 

755 

21 

1,063 

8 

226 


1 


32 


30 


5 


2 

Z 

21 


14 


4 


3 

I 

IS 


36 


8 


4 


48 

1 

73 

2 

20 


5 

7 

323 

IS 

446 

4 

89 


6 


1 


1 


0 


7 


1 

♦ 

5 


1 


a 

1 

•7 

2 

119 

1 

36 


9 


11 


19 


2 


10 

4 

213 

3 

322 

1 

61 

* Standardised 
JUk Ran 


1.000 

0.969 

1.034 


Marud oacnaion r* — 0.J29. oitriail p value. 044468 


*Orupamn: I; F ro fcj awwal and technical wocten; 2. managm and official*: 3, denraf and relaird voAm. 4. 

■ale* worker*. 3. farmer*, lumbermen, and fiahensen. 6. worker* in mining and quarrying omrpaiionj. 7. worker* 
in transport and communication oreupaitorn, 9. otHinu, production proceu worker*, and laborer*. 9, aerate 
worker*; JO, tot eUaaJiabie and act reported 

Comparison of the Effects 
of Active Smoking and Passive Smoking 

When the risk ©flung cancer in nonsmokers with nonsmoking spouses was taken 
as a unit, a definite dose-response relationship was observed, the highest risk being 
in heavy active smokers, followed by mild active smokers, then heavy passive 
smokers, and then mild passive smokers (Figure 7), The risk gradient was similar 
both in men and in women (Figure 8). A significantly elevated risk of lung cancer 
also was noted for nonsmoking husbands with smoking wives. 

Because the sue of population exposed to passive smoking is quite large in the 
-case of women, the effect of passive smoking because of the husband’s smoking was 
estimated as 65% of that of active smoking. Our recent survey showed that 47.5% 
and 32.6% of Japanese adult women were being exposed to passive smoking at 
borne and at the workplace, respectively (Figure 9 )j Therefore it must be a sound f0 # 
estimate that the total effect of passive smoking is approximately equivalent to that 
of active smoking in women. However, as a majority of adult men are still 
smokers, the total effect of passive smoking relative to active smoking must be on 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Figure 7. (a) Active and passive smoking and lung cancer mortality: relative risks (RR) 
with 90% confidence intervals; males.(Prospective study, 1966-1981; Japan.) fy) Active and 
passive smoking and lung cancer mortality: relative risks (RR) with 90% confidence inter¬ 
vals; females. (Prospective study, 1966-1981; Japan.) 


the order of a few percents The effect on lung cancer risk of passive smoking at 
home in relation to active smoking for men was calculated as 0.4% in our series. * 


Effect of Nutrition on Passive Smokers 

A significantly lower risk of lung canqer was observed when nonsmoking wives 
with smoking husbands consumed green-yellow vegetables daily (Tables 8 and 9, 
Figures 10 and 11) suggesting that the promoter-inhibitor interaction model also 
applied to passive smoking just as in active smoking (Figure 9). Such risk reduction 
caused by daily intake of green-yellow vegetables was not observed for ischemic 
heart disease (Table 10, Figure 12). 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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Figure I. Actrve and passive smoking and King cancer mortality: relative risks (RR) with 
909t confidence intervals. (Prospective study, 1966-1981, Japan:) 
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Figure 9. (a) Percentage of nonsmokers exposed to sidestream smoke at home, Japan, 1983. 
(b) Percentage of nonsmokers ex p o s ed to sidestream smoke at the workplace, Japan, 1983. 
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Tabic 9. Eflira of daily intake of green-yellow vegetables on Jung cancer mortality in 
nonsmoking wives with amoking husbands* 


Husband's 
smoking habit 


Fa-smoker 
m 1-19/dsy 


fc 20/da y 





Green-yellow vegetables 


Mucicsiifl| sun 

Daily * 

HoodaDy 

Daily 

Noodaily 

Husband's 


Lung 

Fop. Ca. 

Fop. Co. 

Lung 
Fop. Ca. 

Lung 
Fop. Ca. 

Occupation 






Agriculture 

40-49 

5,050 5 

691 1 

3,037 7 

559 2 


50-59 

5,196 H 

1,616 5 

2,588 9 

926 0 


€0-69 

5.106 22 

1,739 11 

1,588 6 

564 4 


70-79 

287 1 

159 0 

45 0 

44 0 

Others 

40-49 

7.288 8 

1,805 1 

5,377 5 

1.751 2 


50-59 

6.732 12 

2,098 3 

4,633 5 

1,673 10 


60-69 

4,088 9 

1,510 6 

1.906 10 

593 3 


70-79 

37! J 

248 3 

81 1 

56 0 

Total 


34.118 69 

10,066 30 

19,255 43 

6.206 21 


j*. -1.986. p (iwo-tsJed 0 047) Oddi ntn; Nondaiiy pm-ytOow vrfnabfc mm sker. 1.000, 
daily gr gm-yd tow vegetable* make, 0 .707 (uandsrd iard mr rauo). *09 confidmcr fcmau, 0.3M~0.9t3. 
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Figure 10. Lung cancer mortality ratio in nonsmoking wives by smoking habits of their 
husbands. Comparison between daily and nondaily intake of gre e n-yellow vegetables. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Table 10, Ischemic been disease mortality rate In nonsmoking wives by smoking habit of the husband: com¬ 
panion between green-yellow vegetables intake daily and nondaily 


i 


I 

I 


Husband's Ea-smokcr 

smoking habit Won smoker or l-19/day fcZO/day 


Wife's eating habit 


Green-yellow vegetables 


Pally Nondally Dally Nondally Pa lly Nondaily 


Husband's 


r*. 

Iscbcmk 
Heart D. 

Ischemic 

Pop. Heart D. Pop. 

Ischemic 

Heart D. Pop. 

Ischemic 

Heart D. Pap. 

Ischemic Ischemic 

Heart D. Pap. Heart D, 

Occupation 

Age 













Agriculture 

40-49 

1.959 

6 

544 

2 

3.050 

19 

091 

7 

3,037 

14 

599 

i 


50-59 

2.905 

II 

692 

4 

5.196 

25 

1,616 

2 

2.599 

21 

926 

5 


60-69 

3,359 

30 

725 

6 

5,106 

35 

1,739 

24 

1,599 

21 

564 



70-79 

259 

2 

65 

3 

297 

10 

159 

1 

45 

2 

44 

0 

Others 

40-49 

1.422 

3 

1.305 

2 

2,299 

10 

1.905 

5 

5.377 

12 

1,751 

3 


50-59 

3.191 

B 

1,113 

3 

6,732 

19 

2,0*1 

II 

4.633 

17 

1.673 

6 


60-69 

2,266 

21 

770 

9 

4,099 

33 

1,510 

!J 

1,906 

11 

593 

» 


70-79 

216 

7 

216 

2 

371 

6 

240 

2 

01 

3 

56 

2 

Total 


16.465 

09 

5,430 

30 

34.1tfl 

973 

10.066 

63 

19,235 

101 

6.206 

33 


Grand total 


Population: 91540 


Ischemic heart disease: 494 


Giren-yettom vegetables 
Daily 
Nondaily 

Total 


Mantd retention g* 
2.307 
0 920 

2.406 


P value (two tailed) 
0.02105 
0.41222 

001613 
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Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


26k 





Ur« Cancer in Jbport Nutrffion and PaaA* SmtfdnQ 


193 



••O, 


<•>«•*.t«11*« 
hti, 


Cki 

t.MI 


9 **1*« 

1*4) 
•.071 OS 


IlMn 


• .111 


•.•ms 


Figure 12. Ischemic heart disease mortality ratio in nonsmoking wives by smoking habits of 
their husbands. Comparison between daily and nondaily intake of green-yellow vegetables . 


Discussion 

The age-adjusted mortality rales for lung cancer have been sharply increasing 
both for men and for women in Japan. As only a fraction of Japanese wOmen with 
lung cancer smoke cigarettes, the reasons for the trend of their mortality from lung 
cancer have been unclear. The present study appears to explain at least a part of 
this long-standing riddle. 

This observation also questions the validity of the conventional method of assess¬ 
ing the relative risk of developing lung cancer in smokers by comparing them with 
nonsmokers. This study shows that nonsmoken are not a homogeneous group and 
should be subdivided according to the extent of previous exposure to indirect or 
passive smoking. Although the relative risk of indirect smoking was smaller than 
that of direct smoking, the absolute excess deaths from lung cancer resulting from 
passive smoking must be important because of the Urge size of the exposed group. 
Therefore, these results of our current study must be of public health importance, 
strengthening already existing evidence %>r a health hazard from passive smoking 
til-13) (Table II). 

As shown in Figure 9; 47.5% and 32.6% of 158 nonsmoking adult women 
surveyed recently are noted to be exposed to sidestream smoke at home and at the 
workplace, respectively. One survey conducted in Akhi prefecture in Japan 
showed that nonsmoking wives are exposed to their husband*! smoking 6.7 times a 
day on the average. 

Because sidestream smoke contains varieties of cancer promoters at higher con¬ 
centration than does mainstream smoke, it must be reasonable to consider the 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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^Table 11. Passive smoking is harzardous to health 

"1* Eawmcr of toxic lubstanen (including carcinogens)in sidestream smoke manly at higher conaen- 
— avion than in mainstream anoke. 

2. Exigence of a large number of nonsmoken who have to inhale hdexrvam ttnokr frequently and tn- 
lemively for long yean ai home and/or at the workplace. 

3. Exisiencr of sidestream smoke component blood and vine of aooamokers exposed to passive 
•nokinj. (ef, nacotme. CO*Hb in blood and Mutagens in urine.). 

4. Existence of functional abnormalities in nonsmoken ex po sed beavdy to passive smo k i ng (eg. 
respiratory or orcuUrory function) 

Lung (issue damage and destruction ao chronic passive smokm as shown by derated bydroxy- 
peoJme excretion in wine. 

Higher incidence of selected diseaaei in nonsmoken exposed heavily to pasxrvr vnoking (eg. 
pneumonia, bronchitis, asthma, ischemic heart disease, lung and "*«*i sinus ca ncer ). 

W *7. Experimental evi d ence. 

main effect of passive smoking on lung cancer risk results from the prolonged ex¬ 
posure to such promoters in sidestream smoke. The risk-inhibitory effect of a daily 
intake of green-yellow vegetables that are rich in 0-carotene must be considered as 
an additional evidence for such a promoter action hypothesis of passive smoking. 
The hypothesis also explains why exposure to passive smoking that starts after 
reaching adult age can significantly influence the risk oflung cancer. 

The histology of 21 cases of lung cancer in nonsmoking wives of smoking 
husbands was not essentially different from that in smoking women (adenocar¬ 
cinoma 57.1%, squamous cell carcinoma 19.0%, and small-cell carcinoma 4.8%). 
A case-control study conducted within our cohort study revealed a significant 
dose-response relationship between adenocarcinoma of the lung and the number of 
cigarettes smoked daily, relative risk being 1.39 and 5.75 for smokers of 1-14 and 
15 or more cigarettes daily, the chi square for the trend being 6,848 with a one-tail 
p value of 0.004 Therefore the predominance of adenocarcinoma of the lung in 
nonsmoking women with smoking husbands should not be considered unfavorable 
evidence for promoter action hypothesis of passive smoking In passive smoking, 
sidestream smoke usually is inhaled through the nose, whereas in active smoking 
mainstream smoke always is inhaled through the mouth. This difference could be a 
reason for the elevated risk of nasal sinus cancer in passive smokers. The 
mechanism of the action of passive smoking on the risk of ischemic heart disease, 
however, must be explained in different ways (eg, a combined action of carbon 
v monoxide and nicotine). 

In summary, to reduce the effect of active and passive smoking and to encourage 
the effect of nutrition, in particular 0-carotene intake, would be the most produc¬ 
tive course for lung cancer prevention. For selected persons exposed to other 
known carcinogens, eg, those related to occupation or radiation, such environmen¬ 
tal exposure also must be minimized in addition to the preventive measures focused 
on lifestyle variables given above. 


References 


1 . Hirayam* T. Frmpctlivr atudie* on cancer epidemiology bated on rrncui population in Japan. 
In: Bucaloui P, Veror»c*i U and GucincUi N, edi. Pro ce eding* of the Xlth iniernationxJ cxncer 


2023511780 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 





Ling Career in Japan Nutrition and PauivB Smoking 


195 


congress. Cancer Epidemiology, Environmental Factors, Vol. 3. Amsterdam: E&ctrpu Media, 
1975:26-35. 

2. Hiriyanu T. Epidemiology oflung cancer based on population studies. In: Ftnkrl A J and Dud 
W C, eds, Clinical implications of air pollution research. Chicago: The American Medical 
Association, 1976:69-78. 

3. Hirayam* T. Smoking and cancrr. A prospective study on cancer epidemiology based on census 
population in Japan. In Stetnfeld J, Griffiths W, Bail K, and Taylor RM, eds. Proceedings of 
the 3rd world conference on smoking and health 1975 U.S. Department of Health, Education and 
WHfare Plibl (NIK)77-I4t9 Washington. DC: 1977:65-72. 

8. Hirayama T. Prospective studies on cancer epidemiology baaed on census population in Japan. 
In: Nieburgs HE, ed, Third international symposium on detection and prevention of cancer. Pt 
I. Vol 1. New York: Marcel Dtkker, 1977:1139-48. 

5. Hirayama T. Smoking and cancer in Jspan- A prospective study on cancer epidemiology based 
on census population in Japan. Results of 13 years follow up In: Tominags S, Aoki K, edi, The 
UICC Smoking Control Workshop, 1981. Nagoya: University of Nagoya Press, 1982:2-8. 

6. Hirayama T. Epidemiological aspects of lung cancer in the Orient In: Ishikaws S, Hayata Y, 
Suemasu K, eds. Lung cancer 1982. Amsterdam: Excerpts Medica, 1982:1-13. 

7. Hirayama T. Diet and cancer. Nutr Cancer 1979; 1 (3):67—81. 

8 . Hirayama T. Does daily intake of green-yellow vegetables reduce the risk of cancer in man* An 
example of the application of epidermJogical methods to the identification of individuals at km 
risk. In: Banach H, Armstrong B. Davis W, eds. Proc e e d ing of symposium on host factors in 
human carcinogenesis International Agency far Research on Cancer Scientific Pub! 39. Lyons: 
World'Health Organization, 1982:531-40. 

9. Hirayama T. Non-smoking wives of heavy smokers have a higher risk of lung cancer: a study 
from Japan. Br Med J 1981,282:183-5. 

10. Trichopoulos D. Kalandidi A, Spams L, MacMahon B. Lung cancer and passive smoking. Int 
J Cancer !98l;27(i):l-4. 

II . Bmnnemann KD, Adams JD, Ho DPS, et at: The influence of tobacco smoke on indoor at¬ 
mospheres. II. Volatile and tobacco specific nitrosamines in main- and sidestream smoke and 
their contribution to indoor pollution. In: Proe e edinp of the 4th joint conference on the sensing 
of environmental pollutants. New Orleans, 1977. Washington, DC: American Chemical 
Society. I978 B76-80. 

12. Brunnemann K.D. Hoffmann D. Chemical studies on tobacco smoke LIX. Analysis of volatile 
nitrosamines in tobacco smoke and polluted indoor environments In: Walter EA, Griciuie L, 
Castegnaro M, eds, Environmental aspects of N-nitroso compounds International Agency Cor 
Research on Cancer Scientific Publ 19. Lyons: World Health Organization, 1978:343-56. 

13. White RJ, Froeb FH Small-airways dysfunction in nonsmokers chronically exposed to tobacco 
■moke. N Engl J Med 1980,302:720-3. 


4 


V. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


TSiTTSCSO?. 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511782 



Hole, D.J., Gillis, C.R., Chopra, C. and Hawthorne, V.M., "Passive 
Smoking and Cardiorespiratory Health in a General Population in 
the West of Scotland," British Medical Journal 299: 423-427, 1989. 

The report is a follow-up of the 1984 Gillis, et al. 
paper dealing with a prospective study of the residents of two 
urban areas in the west of Scotland. The subjects were healthy 
middle-aged men and women, first surveyed between 1972 and 1976, 
and then followed-up for an average of 11.5 years. Based on 84 
deaths, a relative risk of ischemic heart disease mortality of 
2.01 was reported. This was based on combined data from both men 
and women, and was reported as statistically significant. 

Data were also reported concerning a variety of 
cardiovascular and respiratory symptoms, as well as all cause and 
lung cancer mortality. For each of these, the relative risks were 
reported to be consistently above 1.0, although other than for 
ischemic heart disease, none were reported as statistically 
significant. In computing relative risks, age, sex, social class, 
blood pressure, cholesterol and body mass were taken into account. 


Criticisms 


1. Although the authors report an attempt to control 
for several potential confounding variables, a n umb er of factors 
were not controlled, such as outdoor air pollution, the presence 
of molds or dampness in the home, the use and type of heating fuels, 
diet, heredity, and many other factors. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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2. This study is merely an update of the Gillis, et 
al. (1984) report. Thus, if a tally were being made of the studies 
dealing with ETS and heart disease, it would be inappropriate to 
include both studies, since in a sense this would be like listing 
the same data twice. 

3. The authors also report data comparing smokers 
married to nonsmokers versus smokers married to other smokers. 
Although not statistically significant, the relative heart disease 
risk reported for smokers living with a smoker was less than the 
risk reported for a smoker living with a nonsmoker. 

4. The heart disease relative risk reported for ETS 
exposure was 2.01. This is to be compared to 2.27 that the authors 
report as the relative risk for smokers compared to nonsmokers. 
Even the authors question whether this is "biologically plausible." 
(p. 426) 
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Abstract 

Objective —To assess the risk of cardiorespiratory 
symptoms and mortality in non-smokers who were 
passively exposed to environmental smoke. 

Design —Prospective study of cohort from genera) 
population first screened between 1972 and 1976 and 
followed up for an average of 11 * 5 years, with linkage 
of data from participants in the same household. 

Setting —Renfrew and Paisley, adjacent burghs in 
urban west Scotland. 

Subjects —15399 Men and women (80% of all 
those aged 4$-64 resident in Renfrew or Paisley) 
comprised the original cohort; 7997 attended for 
multiphasic screening with a cohabitee. Passive 
smoking and control groups were defined on the 
basis of a lifelong non-smokihg index case and 
whether the cohabitee had ever smoked or never 
smoked. 

Main outcome measure —Cardiorespiratory signs 
and symptoms and mortality. 

Results —Each of the cardiorespiratory symptoms 
examined produced relative risks >1*0 (though none 
were significant) for passive smokers compared with 
controls. Adjusted forced expiratory volume in one 
second was significantly lower in passive smokers 
than controls. Ali cause mortality was higher in 
passive smokers than controls (rate ratio 1*27 (95% 
confidence interval 0-95 to 1-70)), as were all causes 
of death related to smoking (fate ratio 1-30 (0*91 to 
1*85)) and mortality from hmg cancer (rate ratio 2*41 
(0*45 to 12*83)) and ischaemic heart disease (rate 
aatio 2*01 (1*21 lo 3*35)). When passive smokers 
were divided into high and low exposure groups on 
the basis of the amount smoked by their cohabitees 
those highly exposed had higher rates of symptoms 
and death, 

Conclusion — Exposure to environmental tobacco 
smoke cannot be regarded as a safe involuntary 
'habit. 


Introduction 

Though evidence has accumulated about the risk to 
health of involuntary, or passive, exposure to environ¬ 
mental tobacco smoke, further information is required 
from cohort studies to confirm these observations. 
Deleterious effects on the respiratory system of infants 
and children have been observed 1 ‘ as have chronic 
effects oo lung function in adults,’* but these findings 
have been criticised on method oldgical grounds. 5 Ac 
overview of 10 case-control and three cohort studies 
estimated a relative risk of 1*35 for lung cancer in 
people passively exposed compared with non-exposed 
controls.* Three studjes have reported increased 
(though not significant) risks of ischaemic heart disease 
in non-smokers with partners who smoke.' 1 * Problems 
in interpreting these findings include lack of an 
objective measure of dose or exposure, failure to adjust 
for confounding variables, inappropriate methods of 
statistical analysis, and failure to measure other poten¬ 
tially important variables." 

This report is based on the Renfrew-Paisley survey, 
which was carried out in an area with a high incidence 


of lung cancer; it overcomes many of these criticisms. 
The survey prospectively studied a general population 
aged 45-64 years, and the collected data allowed 
participants from the same household to be identified. 
The measure of exposure to environmental tobacco 
was obtained directly from cohabitees and did hot rely 
on self reporting. Data on prevalences of symptoms of 
respiratory and cardiovascular disease, forced expiratory 
volume in one second, mortality, and incidence of 
cancer are all available for this population. The 
findings reported here update an earlier re p or t; n adds 
567 further deaths to the previous findings 11 and 
extends the range of baseline measurements to include 
forced expiratory volume in one second. Confounding 
variables such as social class, blood pressure, choles¬ 
terol concentration, body mass index, and social class 
have been allowed for in calculating relative risks for 
passive smokers. 


Subjects and methods 

This general population cohort comprises all I men 
and women aged 45-64 years resident in the towns of 
Renfrew and Paisley in the west of Scotland berween 
1972 and 1976. Eligibility was established by a door to 
door census of all households in: the two towns. 
Everyone who met the age and residency criteria was 
invited to attend one of 12 temporary- centres for a 
multiphasic cardiorespiratory screening examination. 1 ’ 
Between 1972 and 1976, 15 399 residents (an 80% 
response) completed a standardised self administered 
questionnaire that included questions on smoking 
behaviour and was checked by experienced inter¬ 
viewers when subjects attended for screening. Respira¬ 
tory symptoms were assessed with the Medical i 
Research Council’s bronchitis questionnaire. By identi¬ 
fying participants from the same household it was 
possible to study varying exposures to tobacco smoke 
in a subsample of 3960 men and 4037 women and to 
calculate relative risks for a range of cardiorespiratory 
variables including mortality. 

Four groups, in which the index case was aged 45-64 
at the time of the survey , were defined based on the 
index case and on the cohabitees ever or never having 
smoked. 

(1) Control: the index case had never smoked and 
lived at the same address as another subject who had: 
never smoked. No one else in the household who 
attended for sc r e en ing was a smoker or ex-smokcr. 

(2) Passive smoking: the index case had never 
smoked and lived at the same address as a subject wh 
had. 

(3) Single smoking: the index case was a smoker or 
ex-smoker and lived at the same address as a subject 
who had never smoked. No one else in the household’ 
who attended for screening was a smoker or ex- 
smoker. 

(4) Double smoking: the index case was a smoker 
or ex-smoker who lived at the same address as a subject 
who was also a smoker or ex-smoker. 

If the index cases were ex-smokers they were 
classified as single smokers or double smokers depend¬ 
ing on whether the cohabitees had never smoked or 
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ever smoked. If the cohabitees were ex-smokers the 
index cases were classified as passive smokers if they 
had never smoked or as double smokers if they had 
ever smoked. Thus the controls represent a group 
whose passive exposure was as low as possible within 
the constraints of the study design. Results for the two 
active smoking groups have been included to give some 
indication of dose-response and provide a perspective 
for any differences found between the control and 
passive smoking groups. 

A cohabitee was defined as a respondent sharing the 
same household environment and examined i at the 
same time in the survey as the index case. Some 
households contained cohabitees of the same sex. Some 
of the subjecu who were examined were above or 
below the age range eligible for inclusion in the study . 
These subjects were not analysed as index cases but 
information on their smoking behaviour as cohabitees 
was used as the measure of passive exposure for eligible 
index cases. 

Mortality data was obtained from the National 
Health Service central register and the General Register 


TABLE ]—Componnon of groups exposed so agmausmoke 



No f5» 1 of men 
(index cases 

N© fV)of women 
(index cun. 

Total 

Coctroll (neither index case nor cohabuee ntr smoked 1 

428(1010 

4*9(12 n 

917 

Passive smoking 'only cohibnet ever smoked 

24? (61) 

1295(32 l) 

1538 

Single smoking :cn)y index case ever smoked 

1420:35-9; 

331 (t2 

1751 

Double smoking (both index esse and cohabitee ever smoked 

IB69i4?*2) 

1922(47*6' 

3791 

Total 

3960 (IOC, 

4037(100;- 

7997 


TABLE II —Social class of men a groups exposed to agareae smoke Figures »i paresukeses ore percentages 


Exposure group 


Social class 

Controls 

Passive 

smoking 

Single 

vnoking 

Double 

■noking 

I 

23 (5*4); 

13 (5*3) 

61 (4:3) 

78 (4 21 

II 

85(199) 

37(15-21 

225(15-8 

235 02*6' 

III Don-manual 

63.14 7) 

23 (9 5, 

197(13 9, 

2(M v l0-9y 

Hi manual 

157(36 7) 

96(39 5) 

538 (37*9) 

771(41*3' 

tv 

10(18 7): 

59(24*3) 

115(22 2} 

418 (23-4) 

V 

17 (4*0) 

II (4 5) 

68 (4:8) 

122 (6 5) 

layj/boeni information 

3 (0 7) 

4 (1*6) 

16 (1*1) 

21 (M2. 

Total 

428(100 i; 

243(99 9; 

1420(100) 

1869(100) 


Office for Scotland. Incidence of cancer was obtained 
through the cancer registry’ system and used to verify 
that the classification on the death i certificate was the 
same is that received by the registry. Data presented 
vc complete to the end of December 1985, an average 
follow up of 11 *5 years. 

Prevalences for respiratory and cardiovascular symp¬ 
toms were standardised for age and sex using the age 
and sex distribution of the whole cohort as standard. 
Similarly, mortality was standardised for age and sex 
using life tables to estimate survival at 11 years of 
follow up.’ 4 

Mean forced expiratory' volumes in one second Tor 
the four exposure groups were adjusted for age, height, 
and sex by determining the best: fit set of parallel 
regression models for forced expiratory volume in one 
second as a linear function of age and height for men 
and women separately in each group. .The mean 
adjusted forced expiratory volume in one second for 
each group was then calculated for the average age and 
height of men and women separately, and a weighted 
average (corresponding to the proportion of men and 
women) was computed. Probability values were 
obtained from the analysis of variance. 

Estimates of relative risk and 95% confidence inter¬ 
vals for passive smokers compared with controls were 
adjusted for age, sex, sociali class, diastolic blood 
pressure, serum cholesterol concentration and body 
mass index (weight (kgVfheight (m)) - '* 100);using the 
logistic regression model’ 1 for cardiorespiratory’ symp¬ 
toms and Cox’s proportional hazards model for 
mortality.* Levels of significance were derived from 
the partial likelihood function. ,T The biomedical data 
processing programs (BMDP) package w*a$ used to 
compute estimates of risk and levels of probability . 1 * 

A supplementary questionnaire in two of the 12 
centres in which the survey 1 was earned out asked 
sub teas the extent to which they were exposed to 
cigarette smoke from any other person in the house* 
bold; irrespective of whether these people were eligible 
for or attended the survey, and also in their work 
environment. 


Results 

The number of men and women in the four exposure 
groups is shown in table 1. Passive smokers comprised 


TABLE III— Smoking habit of cohabitees ni passive smoking and double smokmg groups. Figures are percentages (numbers) 


lades cue 


N6of cifxrrnet Mai 


naked pa day 
by cohabitee 

Passive smoking group 

Doubk wokiDg group 

Passive nakag group 

Doubtt uakmg group 

1-14 

11*3 (76): 

80*0(561) 

15-1 (196} 

IN (219) 

>1$ 

461(112): 

52-7(985) 

41*8(541) 

56 2(1080) 

15-24 

42*0(102); 

45*9(851): 

- 80* (399) 

37-1(711) 

>25 

41 (10): 

6*8(127) 

*1*0(142) 

19 1(367) 

Ea-omokrr 

72*6 (55): 

17-1023) 

43 1(558) 

32*4 (623) 


TABLE IV— Age nandardued rales of respiratory mud cardiovascular sympumts related to exposure to agaretu smoke Humbert 

cates with rpnpumu an groen n parentheses CV 

"© 

-JO 

o 
-at 


Caotrob 

(»-9l7) 

Passive 

(n-1538) 

gfldi mg 

(b-1751) 

Double ■nokai 
(6- 3791) 

2-3 (22) 

3*3 (44) 

10-5(189): 

10 5 (896) 

7-8 (72) 

9-9 [122) 

210(541): 

21 7(1079) 

10 1(95) 

12 2(197) 

13-4 (229 i: 

16*6 (611) 

5*3(48} 

6-9 (11) 

17*6(327). 

ii 3 <ai) 

4*6 (43) 

4-7 (74) 

7-7(165) 

9 1 (334) 

1*0 (*) 

11 (13) 

1*4 (31): 

1*5 (49) 

2 32 

2 21 

2 12 

2-09 

2 31 

2 23 

2 12 

2-07 


Itnpiniory symptoms* 
infrci rd iputum 
PcTiasicni tpuium 

Dyspnoea 
H yp er s e cre tion 
Cxrdtovsioriv symptoms 


Max* aboonnalny found 60 electrocardicfrain 
Mod forced expiratory me u> one second (1) 
Unadjusted 
Ad runed 


h* 

•vl 

GO 

& 
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TABLE v- Age Mad let adjuiied mortakrf per, 10000 per year by category of exposure to apart at moke. 
Fifurn m parentheses are actual numbers of dtaik i 



c* 

fWiw 

mmoknm 

S*afk 

Dtmbk 

IH'Aing 

All_ 

OrttW); 

•7-4(144) 

W0*<420) 

155-4(734) 

1 liny QubcCT 

t-6 (2); 

5-0 (7) 

23 2 CM) 

71-4 fW) 

4ft w, aw 

Tf-sac) 

47-7 (54) 

6HHI7I} 

60 7(260) 

All auBo of fritted » HDokmg 

bbtau 

722 (m) 

1*M(362) 

129-9(592) 


TABLE vi-Aft odpeaeti prevalence of respaat^y mad audw a am lm symptoms and age standardised 
monahjy per 10000 per year foe women m control and passxoc anoksng grmipt Figure* m parentheses art 
members ofactual catet 


Passive gpokrn 



Gownds 
(a—4X9) 

Lew exposure 
(■-754) 

RUfb expoaurc 
(6-541) 


Pmmkmr 



lespustory tympwmi: 

Infected 

2-1(JO) 

2-4(1*) 

3 1 (17) 

Penment sputum 

4*4(31) 

5-* (45) 

*■6(46) 

Dyrpooo 

127 (60) 

n-2(*4) 

163(H) 

HyperMcmtan 

41(19) 

3-* (29) 

5-7(30) 

Cndtowcahf iwm—i: 

Amu 

94(17) 

47(32) 

5** (31) 

Maforaboormabry found bo ddctjr>ord»ofr*n 6-4 (2) 

Mmmhry 

I I (*) 

0*5 (2) 

All mfiK 

5*3(32) 

64-6170) 

r « (54) 

Lung cm err 

3-2 (11 

2 5 (21 

5-7 (3> 

lscfaaowc bam dnst 

6* (3) 

M3ri4; 

210 06) 

All ouses of deaxb related to making 

34-9U7) 

35 2(89) 

47-3(30) 


61% (243/3960) of men and 32-1% (1295/4037) of 
women. Of the cohabitees, 91-6% (7325): were of the 
opposite sex. The composition of the groups by social 
class is shown in table n. 

The extern of passive exposure erxperienced by 
passive smokers in relation to subjects in the double 
mnfcmg group is shown in table 111. In all, 46-1% (112) 
men and 41*8% (541) women in the passive smoking 
group lived in households where the cohabitee was 
smoking 15 or more cigarettes a day. This compared 
with 52 7% (985) men and 56-2% (1080) women in the 
double smoking group. .Ex-smokers were more common 
in households in which the index case had never 
smoked 

The prevalence of signs and symptoms for the four 
exposure groups is shown in table TV. For each of the 
four respiratory measures (infected sputum, persistent 
sputum, dyspnoea, and hypersecretion) the rates in the 
control group were lower than those in the passive 
smoking group and considerably lower than in the 
single and double smoking groups. The rates for 
angina and major abnormalities found on electro¬ 
cardiography were similar in The control and passive 
smoking groups and lower than in the active smoking 
groups. 

Mean forced exp ir ator y volumes in one .second 
adjusted for sex, age, and height were significantly 
higher (pcO-Ol) in controls than in those passively 


exposed to cigarette smoke and were significantly 
higher than among active smokers. 

Mortality adjusted for age and sex in the four groups 
is presented in tabk V. Total mortality was higher 
among passive smokers than controls. This was reflected 
in the category of all causes of death related to smoking 
and was highest for ischaemic bean disease. Lung 
cancer mortality was higher among passive smokers 
than controls, but the number of deaths involved was 
small. 

The supplementary questionnaire on exposure to 
cigarette smoke at home and work allowed a check to 
be made of the smoking habits of other household 
members who were not parr of the survey*. A regular 
smoker living in the same household was reported by 
5% (2/44) of controls compared with 69% (27/39) of 
passive smokers. Of women, 21% (13/62) of controls 
lived in households with a regular smoker compared 
with 63% (125/197) of passive smokers. 

Women reported that most of their passive exposure 
was at home rather than at work, which suggested that 
they were the appropriate group in which to examine 
whether there was a dose-response relation. A high 
exposure passive smoking group was therefore defined 
as women whose cohabitee was smoking 15 or more 
cigarettes daily, and the remaining female passive 
smokers were defined as a low exposure group, Table 
VI presents the age standardised rates for respiratory 
and cardiovascular symptoms and mortality for the 
control and the low and high exposure passive smoking 
groups. For each of the four respiratory symptoms the 
highly exposed passive smokers had rates that were 
hi gher than those in passive smokers whose exposure 
was low and those in the controls. There were no 
consistent differences between the low passive 
exposure group and the controls. A similar pattern was 
found for angina but not for major abnormalities 
detected by electrocardiography. 

The adjusted forced expiratory volume at one 
second was significantly lower in passive smokers with 
high exposure compared with those with low exposure 
(mean 1 83 Ip T891;p<005); No significant difference 
was found between passive smokers with low exposure 
and controls (1*891 Pi-881). Age adjusted mortality was 
increased for the passive smokers with high exposure 
compared with low and with controls for all cause 
mortality, all cause mortality related to smoking, 
ischaemic heart disease, and lung cancer. 

Table VII shows the adjusted relative risks for 
passive and active smokers compared with controls. 
For each variable the relitive risk associated with 
passive smoking was >1 '0. The mnfidmcf interval 
included 1 0 except for ischaemic bean disease, for 
which the estimate of risk was significantly different 
from unity (p*=0-008). 

Table Vm shows the relative risks far double 
smokers compared with single smokers after addi banal 
adjustment for quantity smoked. Dyspnoea was sigrn- 


TABLE vn— Relative risks mvtnaitd wttk passive «makin g adjusted for age, rex, and social clan and for carduyoasatlmr variables, diaxmhr 
blood pressure, serum cholesterol concentration, and body "urn in d ex 



AdaOTe risk 
(y«nu> smokers 

«nib control*) 

tSSCcutdacr 

aotenrsi 

pVatae 

Rdanvr nsk 

(acme noofcer* cunpared 
wnt auuroli) 

Kespirstory symptom: 

Infected sputum 

T34 

• 76 sc 2 36 

0-3 

4 S3 

Persistent sputum 

1 *!9 

0X5 » 1-67 

03 

4:49 

Dyspnoea 


«-*2» M3 

05 

1-60 

Hypenecrcuwt 

121 

4-J16 1X2 

H 

T77 

Cifdiottioihr «|imms 

Angsu 

Ml 

• 73 to no 

0-6 

1*9 

Mato* abaormahoes found oe liuuiiLaAoim 

s 1 27 

(Mitt 3 35 

0-4 

I-51 

Mortality. 

Ail muses 

1 77 

0-93 to 170 

OTQ 

2-07 

A1) louses ef death related to unakmg 

1-30 

0-91 a, 1*5 

0 15 

2 33 

Ischaemic bon datum 

201 

121 to 3-35 

o-ooa 

2 27 

Lung oncer 

2-4J 

0-45 to 12 -13 

0-3 

W-64 
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Xabli viu t— Rtlatroe ruii n double makers compared with single smokers, adjvsudforage, sei, emtnmi 
smoked. end social class and jot cardiovascular variables, diaswlu blood pressure, serum cholesterol 
amcennanon, and body mass mdex 



Retoowrak 

95% Coftbdencr 
■nerval I 

p Value 

Rttpmi orv symptoms: 

Infected sputum 

0-96 

0-79loM6 

0-65. 

Feninntt sputum 

1-06 

0 92 id 1 21 

045 

Dvrpooa 

12* 

MB io 1-49 

0-02 

Hv-ptTvrrrcuon 

HU 

0 l7»o ) 20 

075 

Cardiovascular svmptaem 

Anfim 

M7 


0 15 

Mi tor abnormal) ties found on efcctroardiafTvn 

HI 

0*68 io 1-79 

0-65 

Morufitv. 

AH causes 

MM 

0 (7 to l it 

0*9 

All causes of deaih related to vxAinc 

0*99 

0l4iol 16 

0-9 

hchacmir bean disease 

0 B9 

072 io 1*11 

0 3 

Lung cancer 

H3 

0 79 lo 1-63 

05 


ficantly more common among dbuble smokers (p= 
0-02); and though none of the other variables was 
significant, six had risks > 1 *0. 


Discussion 

Whether inhaling other people's tobacco smoke is a 
risk factor for lung cancer and other diseases related to 
smoking is now under serious scientific consideration. 
Studies of the concentrations of counine in the unne 
and saliva of passive smokers suggest that the dose 
received may be equivalent to smoking up to three 
cigarettes a day.!* Though sidestream smoke contains 
different proportions of chemical constituents than 
- does mainstream smoke and the same dose received 
passively might not translate directly to the same risk as 
in active smokers, the risks expected for passive 
smokers will probably be of a similar magnitude to those 
found in active smokers of up to three cigarettes daily;, 
consequently, only very large studies will have sufficient 
power to detea such risks. A meta-analysis is currently 
the only way to establish precise estimates of risk, and it 
is essential that all studies are included. 

This paper updates a previous publication" with 
mortality now extended to an average follow up time of 
II -5 years and the control and passive smoking poups 
redefined to exclude those who smoked only pipes or 
cigars and those who smoked cigarettes irregularly. 
The original questionnaire in its coded form did not 
distinguish pipe and cigar smokers and those who 
smoked fewer than five cigarettes • day from non- 
smokers. Written information on the questionnaires 
allowed this to be clarified, and these additional data 
were added to the computer files. 

The sample size in this study does not provide 
sufficient statistical power to detect risks of the 
magnitude expected. Thus the lack of significance 
should not be the sole criterion of whether' a genuine 
effect may be present. Several findings should be borne 
in mind when interpreting these results. Firstly, for 
each of the 10 measures examined, from respiratory 
symptoms to causes of mortality, the relative risk was 
consistently larger than unity. This remained so after 
adjusting for intervening risk factors such as age, sex, 
social class, blood pressure, cholesterol concentration, 

. and body mass index. Secondly, the one measure for 
which sufficient statistical power was available—that is, 
forced expiratory volume in one second—gave a 
significant result l Thirdly, when a group of passive 
smokers with high exposure was defined there was an 
* increase in the dose-response relation for nine of the 10 
-variables. Fourthly, in comparison wuh the relative 
risks found for the two active smoking groups, each 
increased risk was biologically plausible, with the 
possible exception of that for ischaemic heart disease. 

The findings for respiratory symptoms arc similar to 
those of other studies: a decreased forced expiratory 
volume in one second in passive smokers has been 


found previously * and the risks for.lpng cancer are 
consistent with those in the overview by Wald et alS' 
Few data relate passive smoking to cardiovascular 
disease, but a relative risk as high as 2 2 for mortality 
from ischaemic bean disease in passive smokers has 
been quoted. 1 Our risk of 2*0 seems large in com¬ 
parison with that found for active smokers, and the 
possibility that chance has inflated this risk cannot be 
excluded, but as the lower 95% confidence limit for 
the relative nsk is greater than one it would appear that 
chance alone is not responsible for the excess . 

When investigating risks close to unity- it is impor¬ 
tant to consider the effect of potential biases. Biases 
may operate at the time data are collected. Between 
1972 and 1976, however, passive smoking was not an 
issue. Subjeas reported their own smoking habits and 
no self reporting of passive exposure was undertaken. 
It was not until 1983 that subjeas within the same 
household were linked, and this was carried 
out without any reference to the measures of outcome 
examined subsequently. 

There is no direa measure available to prove that the 
passive smokers received a higher environmental dose 
of tobacco smoke than the controls, but in the 
supplementary questionnaire that covered the smoking 
habits of household members irrespective of whether 
they attended the original survey only 5% of controls 
said that there wasa current smoker in the household, 
compared with 63% of passive smokers. Greater 
exposure to tobacco smoke at work supported the idea 
that passive smokers were more likely than controls to 
be in coma a with environmental tobacco smoke 
outside the home. This was measured by Wald and 
Ritchie,who showed that Don-smoking husbands of 
smoking wives had higher urinary cotinine concentra¬ 
tions than non-smoking husbands of non-smoking 
wives. Our definition of categories of exposure is 
comparable with that of other studies and would seem 
to identify groups with different mean levels of passive 
exposure. The high level of heavy smoking in our 
cohort might also indicate that this difference is 
greater than that found in other studies. 

The problem of smokers deliberately classifying 
themselves as non-smokers' 1 is a far lbss serious bias in 
cohort studies than in case-control studies, because at 
the interview stage there is no indication which subjects 
will subsequently die. The likelihood of differential 
misclassification rates—that is, higher in the passive 
smoking than in the control group—is debatable as this 
implies that someone in the double smoking group is 
more likely to pretend to be a non-smoker: than 
someone in the single smoking group. When the 
cohabitee is a smoker the reverse may be more likely to 
be true. 

It has been suggested that non-smokers who marry 
smokers may be different from non-smokers who 
marry non-smokers* A higher proportion of passive 
smokers were in tociaJ classes III manual, IV, and V, 
bai no differences were found for other possible risk 
factors such as occupation, raised blood pressure, 
cholesterol concen tr ation, or body mass index, in any 
case the final -analysis, which estimated the relative 
risks, adjusted for each of these factors. 

The effea of passive smoking on those who already 
smoke is far harder to isolate. The dose received by 
active smokers from smoking ranges widely," ~ and 
adding a small extra component due to passive ex¬ 
posure may not lead to much of a difference in mean 
doses for double smokers compared with single 
smokers. Hence, the increased risk for double smokers 
relative to single smokers may be substantially less 
than that for passive smokers relative to controls. Thus 
the statistical 1 power of a single study is an important 
consideration and in the absence of other published 
data on this aspea it is difficult to interpret our results 
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for the effects of passive smoking on smokers. There¬ 
fore the main emphasis of this paper is an estimation of 
the risks of passive smoking in lifelong non-smokers; 
data are presented for the active smoking groups to 
provide an estimate of dose-response. 

Our results art based on a general population cohort 
study carried out in an area with a high level of diseases 
related to smoking. A consistent increase in risk was 
observed in passive smokers for each of the 10 variables 
jneasured covering respiratory symptoms, forced ex¬ 
piratory volume in one second, cardiovascular symp¬ 
toms, and subsequent mortality, including lung cancer 
and ischaemic heart disease. A dose-response relation 
was seen, and the risks were biologically plausible 
in relation to the size of the risks found for the active 
smokers. These three factors taken together increase 
our concern that exposure to other people’s tobacco 
ygmoke cannot be regarded as a safe involuntary 
practice. 
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Abstract 

Objective—To assess the value of serum 
carbohydrate deficient transferrin as detected by 
isoelectric focusing on agarose as an indicator of 
alcohol abuse. 

Design— Coded analysis of serum samples taken 
from patients with carefully defined akohol intake 
both with and without liver disease. Comparison of 
carbohydrate deficient transferrin with standard 
laboratory tests for alcohol abuse. 

Setting —A teaching hospital unit with an interest 
in general medicine and liver disease. 

Patients—22 ‘‘Self confessed” alcoholics 
admitting to a daily alcohol intake of at least 80 g 
for a minimum of three weeks; 15 of the 22 self 
confessed alcoholics admitted to hospital for alcohol 
withdrawal; 68 patients with alcoholic liver disease 
confirmed by biopsy attending outpatient clinics and 
claiming to be d rinking less than 50 g alcohol daily; 
47 patients with non-alcoholic liver disorders 
confirmed by biopsy; and 38 patients with disorders 
other than of the liver and no evidence of excessive 
alcohol consumption. 

Intervention — Serial studies performed on the 
15 patients undergoing alcohol withdrawal in 
hospital. 

Main outcome measure —Determination of 
relative value of techniques for detecting alcohol 
abuse. 

Results —Carbohydrate deficient transferrin was 
detected in 19 of the 22 (86%) self confessed alcohol 
abusers, none of the 47 patients with non-alcoholic 


liver disease, and one of the 3$ (3%) controls. 
Withdrawal of alcohol led to the disappearance of 
carbohydrate deficient transferrin at a variable rate, 
though in some subjects it remained detectable for 
up to 15 days. Carbohydrate deficient transferrin was 
considerably superior to the currently available 
conventional markers for alcohol abuse. 

Conclusion —As the technique is fairly simple, 
sensitive, and inexpensive we suggest that it may be 
valuable in detecting alcohol abuse. 


Introduction 

The medical and social consequences of alcohol 
abuse are major problems throughout the world. 
Although many people readily acknowledge the extent 
of their alcohol consumption, others attempt to conceal 
it, and we lack reliable objective means of identifying 
surreptitious alcohol consumption Currently available 
laboratory markers have considerable limitations, 
being insensitive, non-specific, or dependent on liver 
damage. The mean corpuscular volume rises in 
patients with thyroid disease, folic acid deficiency, and 
liver disease, 1 whereas serum yrglutamyltransferase 
activity is affected by drugs that induce microsomal 
enzymes as well as rising in all forms of obstructive 
liver damage. 1 Serum aspartate aminotransferase 
activity is more commonly raised in alcoholics than 
alanine aminotransferase activity is, and whereas a 
ratio of aspartate to alanine aminotransferase activity of 
greater than 2:1 is strongly suggestive of alcoholic liver 
disease 1 this is of little value in subjects in whom the 
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adrenergic casualty, department, where further 
dfclavs would take place ano possiblv further errors 
by inexperienced iumor staff. Unfortunately. the 
message of the British Heart Foundation repon 
ts dfceplv ambivalfcm. doubtless reflecting a 
“dissensus" in the group. The overall result, 
however, will be to discourage general practitioners 
from participating fully and exploiting the major 
benefits that thrombolytic treatment can confer. 
Rather than “com ran mg out." as the report 
suggests, 1 hope that general practitioners will 
insist on local schemes to bolster their confidence 
in the full early management of myocardial infarc- 
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Child sexual abuse 

Sir, —I am pleased that investigations for sexuallv 
Transmuted diseases including screening tests for 
gonorrhoea and HIV infection should ibe done on 
sexually abused ichildren.' 

Over rwo years five children (rwo girls, three 
boys), aged —7 1 -; years prescnicd at this teaching 
hospital; not with a history of sexual abuse but with 
urethral or vaginal discharge proved to be due to 
.Vetasma gonorrhoea. One 5 year old girl subse¬ 
quently admitted to sexual abuse by a 10 year old 
boy at school. The boy refused to be investigated 
by us. The other girl, aged I'fr years, denied sexual! 
abuse and had an intact hymen. Three boys were 
subsequently found to have contracied the disease 
through a parent or older member of the family. 

Reports on sexual abuse in children m the 
developing countries are rare, : but our experience 
shows that doctors and. in particular, paedia¬ 
tricians in these countries need to be aware of 
sexual abuse and thati the campaign against HIV 
infection and other sexually transmitted diseases 
for at nsk subjects should include children who 
have been sexually abused! 
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Marker for alcohol abuse 

Six,—The prospect of a more reliable marker for 
alcoholism as described by Mr A Kapur and 
colleagues is most welcome.' Unfortunately, 
however; their last paragraph states that “the cost 
of the test compares favourably with that of other 
standard i laboratory investigauons." The given 
method docs ooi specify the reagents closely 
enough for the costs of consumables to be worked 
out, but 1 challenge Mr Kapur and colleagues to 
produce a result for 22p per specimen (the current 
cost of consumables for a y-giutamy I transferase 
estimation in this department). A full blood count 
(including mean corpuscular volume) performed 
by our haematology- department represents even 
better valtic at 1 lp for consumables. The isolation 
and identification of carbohydrate deficient trans¬ 
ferrin is patent li more labour intensive than cither 
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of the above automated methods, and the rather 
glib dismissal of necessary technician time shows 
a lack of understanding for the problems of 
laboratories that will be asked to perform these 
investigauons on a day to dav basis, ; given the 
current volume of requests for markers of aicohoi 
abuse. 

Chemical pathoiogv departments that seek to 
sell this “fairiv simpic, sensitive, and inexpensive" 
technique to thetr managers and clinicians as an 
alternative to cheaper current tests (albeit with 
known limitations; may thus be hoist with their 
own peiard. 

L N SANDLF 

CScoMaJ Paibntafs Depanmem. 

Traiiofd Cxfwrjl Hmr'ul. 

AtMwhewri Mil JSL 

1 Kapur A. WiU G. .Wilftlml-Wjid A. Tn*rr DR dnic 

derw.cn i irmvJrrrifi 1 rnjrt-«-i to* akobnf M>uk Br .11 is J 
irAvcmiji. 


Passive smoking and 
cardiorespiratory health in 
Scotland 

Sir. —Mr Dand J Holt and colleagues, when 
discussing results from their prospective study, 
state that studies of cotimne in passive smokers 
suggest that the dose received mav be “equivalent 
to smoking up to three cigarettes a diy.” To 
support' this misleading statement they cue a 
solitary study m japan / in which unnary cotimne 
concentrations in non-smokers averaged B°o of 
those in smokers. This contrasts sharply with 
evidence from Western populations/ which 
indicates that average counint concentrations in 
non-smokers exposed to environmental tobacco 
smoke are about 0-7% of those in smokers/ Blott 
and Fraumeni speculated thai Japanese people 
might have especially heavy exposure to environ¬ 
mental tobacco smoke.' Other studies in Japan* 
(and abstracts presented by S Umemura and 
colleagues and E Higashi and colleagues, inter¬ 
national conference on indoor air quality, Tokyo, 
19&7) have, however, sustained earlier suspicions' 
thai the methodology used in the original srudy 
was faulty. When estimating passive exposure 
relative to that from active smoking nicotine 
based indices are of dubious value, panlv because 
nicotine in environmental tobacco smoke, unlike 
that in mainstream smoke, is largely in the vapour 
phase and need not be absorbed by the lungs.* 
Based on measurements of retained particuliie 
matter, exposure to environmental lobacco smoke 
averages at abound 03% of the exposure of a person 
who smokes 20 cigarettes each day— that is, 
0-03 cigarettes a day. 

Thai such minute doses should elicit observable 
health effects is surprising, and epidemiological 
studies that report associations with exposure to 
environmental tobacco smoke have been critically 
examined for possible bias. One important bias 
arises because some smokers deny present or past 
smoking. Mr Hole and colleagues refer to one of 
my papers.* but unfortunately have totally mis¬ 
understood how such bias arises. They stair thai 
differential rates of misctassificauon imply that 
someone in their “double smoking group" has to 
be “more likely to pretend to be a non-smoker than 


sorr,rone ini the single smoking group." Thiy is 
untrue because n overlooks the faci thai smokers 
tend to cohabit with smokers. 

The table shows how differentia! misciassihca- 
uon can arise, assuming 2% ol the index suhircts 
had denied! smoking The higher proportion of 
smokers (15-6V» in the observed passive smoking 
group compared!wuh the observed control group 
(6-8%) would cause substantial bias for an end 
point i strongly related to active smoking, Thus if 
nsk were increased 20 times in smokers, and noi.by 
exposure to environmental tobacco smoke. , the 
relative risks observed would be b-90 for acuve 
smoking and T 74 for passive smoking, not 20 and 
] respectively. Many studies have shown higher 
rates of denial of smoking than assumed in the 
table, 1 * so this source of bus is evidently important. 
It can expliin the many positive associations 
reported in the Scottish study ,- most ofiwhtch were 
not statistically significant. 

The results for lung cancer from the Scottish 
study were based on only nine deaths among self 
reported non-smokers. This contrasts with over 
2000 deaths in other published studies. Clearly, 
the new data contribute little to the overall picture. 
Evidence on environmental tobacco i smoke and 
bean disease has previously been reviewed and 
considered inconclusive. 1,1 Although the Scottish 
studv reported more deaths from heart disease 
than from lung cancer, it should not materially 
affectithis view. 
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Donating drugs to die Third 
World 

SIR, —As director of lntercare, the organisation 
approved by the BMA Board of Science and 
Education for promoting the salvaging of vuuabN: 
medical samples for use in the Third ^ orld. 1 are 
faappv to answer the criticisms expressed!by Dr 
Frances Griffiths.’ 
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council of the Royal College of General Prac¬ 
titioners and the General Medical Services 
Committee (Wales). 

Ih overall terms our deputation feared that the 
general principles of the referral system were com¬ 
promised, access to specialist psychiatric services 
was iU defined, and the declared role of the mental 
health team in primary care could lead only to 
fragmentation and confusion j Furthermore, the 
contractual obligations of the general practitioner 
were totally bypassed! 

The deputation received a sympathetic hearing, 
and it was with great disappointment that we read 
the final paper, Menial Health Services, a Strategy 
for Wales , issued m June 1989: Little has changed 
from that set out in the consultation document, 
and we are convinced that if the recommendations 
of this paper are implemented the task of treating 
psychiatric disorder m Walts is likely to be 
muddied and expensive. 
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expressed concern about the possibility of trans¬ 
mission of HIV. Ih 92 of the cases the assailant 
deliberately threatened the victim with the possi¬ 
bility of contracting HIV infection as a consequence 
of the assaultL 

It has been suggested that berween 50% M and 
82V of assailants of male victims are either 
homosexual or bisexual. The assailants are there¬ 
fore in relatively higher risk groups for HIV 
infection than heterosexual assailants of women. 
Fuchermore, anal penetration, bloody non-genital 
violence, and multiple assailants are more Likely 
when the victim is male. 7 

Rape treatment centres have been set up pri¬ 
marily for female victims and may lack the skills to 
deal with mem We believe that an increased level 
of awareness of male sexual assault is needed 
among the general public and especially by health 
care professionals to encourage victims to come 
forward. Only when this happens can the scale of 
the problem be fully grasped and appropriate 
treatment provided. 


2% of smokers denying smoking would result in 
observed rebuve risks of ] -74 for passive smokers 
and 6-90 for active smokers. This is illustrated in 
his table, using the distribution of subjects in the 
smoking groups defined in our study. But why 
docs he use only men and ignore women when our 
analysis and results were based on both sexes 
and women composed 84 2% of our passive 
smokers?; If he had included women 5*0% of 
passive smokers and 3-9% of controls would have 
smoked (table I)—quite different from the figures 
of 15*6% and 6-8% respectively presented in his 
table. Our figures in turn produce an observed 
relative risk of 1*12 for passive smoking (sub¬ 
stantially less than the 11*74 be quotes by selecting 
only men) and considerably less than our study 
finding of 2*41 for lung cancer among passive 
smokers. Qeariy, misclassificauoo owing to the 
2% rate of denial of smoking he suggests does not 
our finding. 

ia addition, higher rates of denial of smoking do 
not produce sufficient bias to explain our risk for 
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Rape and subsequent 
seroconversion to HTV 

Sir,—T he paper by Dr S Murphy and colleagues 
highlights the potenuaJ risks and worries for 
women who have been sexually assaulted during 
the current phase of the HIV epidemic. 1 If we 
assume that such assailants are heterosexual men 
the overall risk of transmission is likely to be small 
in view of the present low carriage rate for the virus 
among this group in Britain! 1 In addition, vaginal 
intercourse is possibly a less likely mode of trans¬ 
mission than anal intercourse. 1 The situation for 
male victims of sexual assault may, however, be 
different. 

Male “rape” as a legal term does not exist in the 
United Kingdom, as rape specifies forcible vaginal 
penetration! Furthermore, malt sexual assault is 
not recognised as i distinct entity within the 1976 
Se:<«it Offences (Amendment) Act.' 1 This may well 
have consequences for the number of cases reported 
and for public awareness of such events.’ Docu¬ 
mented cases of sexual assault of men by women 
have been reported,* but it is generally thought 
that men are more commonly assaulted by other 
men. 

In the United States it has beeD estimated that 
only 10-20% of all sexual assaults are ever reported.’ 
In addition, there is some evidence to suggest that 
male victims are more reluctant to come forward 
than their female counterparts, possibly related to 
the fear of being labelled as homosexual' or to 
sociery’s concept that a “real man” cannot be 
raped. 7 

Pit dy is a consequence of its legal Don-existence 
there are oo reliable figures of the frequency and 
nature of male sexual assault in Britain. The only 
Organ- srion providing care for victims of male 
sexud v>?initio Britain at present is “Survivors ” a 
sem* > nn by oiuiucers to which various govern¬ 
ment uvi charitable agencies refer their clients. 
The service provides a telephone belf) line 
(currently answering just over 100 inquiries a 
month) together with counselling and support. No 
studies to date have assessed the risk of sexually 
acquired infection in malt victims of assault,' but 
of 512 victims known to Survivors in 1988,24 of 73 
who sought medical advice were diagnosed as 
naving a sexually transmuted disease presumed 
be consequent on their assault. Data on HIV 
seroconversion are not available, but 148 of the 512 
victims reported skin or mucosal bleeding, and 278 
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v Passive smoking and 
cardiorespiratory health in 
Scotland 

Sir,—M r Peter N Lee 1 implies that our obser¬ 
vation of increased risk for four respiratory 
symptoms and two cardiovascular symptoms, 
mortality from lung cancer, mortality from 
ischaemic heart disease, all causes of death related 
to smoking, and mortality from all causes in 
passive smokers compared with controls 7 can be 
explained by bias—that of smokers declaring 
themselves to be Lifddng non-smokers. He cites 
(presumably) lung cancer, for which if; as he 
supposes, no increased risk is associated! with 
exposure to environmental tobacco smoke and the 
“true” risk is increased 20 times in active smokers, 


Richard hillman v4ung cancer. Table II presents the effect on the 
> Taylor-Robinson basis of a “true” relative risk of 20 for active 

*♦ smoking and 1 for passive smoking and of rates of 

denial varying from 1% to 10%. Two facts emerge: 
firstly, the bus in the relative nsk for passive 
nigel o' mara smokers does not increase linearly as the rate of 

denial increases, it flattens considerably; secondly j 
the observed relative risk for active smokers 
diminishes rapidly as the rate of denial increases. 


Table U ^Relative risks for passive and octree smoking 
for varying rates of smoking 


Rate of demaJ - 

(%)\ 

Observed reliuve rak 

Passive smokers 

Active smokers 

1 

1*07 

13-95 

2 

1 12 

10-67 

3 

115 

8-61 

4 

1-18 

7-17 

5 

M9 

6 14 

6 

1 2D 

5*35 

7. 

I-21 

4-73 

t 

1 22 

4-23 

9 

123 

3 82 

10 

1 23 

3*47 


This is important, as by comparing the observed 
reliuve nsk for active smokers from the table with 
the relative risk found in the study an upper bound 
can be defined for the rate of denial. The study 
relative risk for active smokers compared with 
lifelong Don-smokers is 5^85. This would be 
incompatible with rates of denial greater than 5%. 
Therefore, the largest relative risk to be expected 
among passive smokers due to this form of bias 
when the “true” nsk is unity is 1 ^20. A relative nsk 
■of 2*41 was found in our study. 

Again, the same approach applied to isdwmir 
heart disease assuming a “true” relative risk of 3 for 
active smokers and 1 for passive smokers and a rate 
of denial of smoking of 5% produces an o b served 
relative risk of 1*05 for passive smokers and 2*42 
for active smokers. Thus if the relative risk for 
active smokers is considerably less than 20, as in ail 
■ the conditions we considered other than lung 
cancer, the effect of miaclauificatioa is to produce 
only small biases in the relative risk for passive 
smokers. Our risks for each of the respiratory 
symptoms, cardiovascular symptoms, and cate- 


TABLE l —Differential miscldssifcatum caused by 2% of tndex subjects denying smoking regardless of cohabitee’s smoking 
kabits 


Exposure 

group* 

Observed 

distribution! 

“True” 

distribution 

Effects of 
denial 

Percentage wbo 
have smoked 

Control j 

917 

881 

+ 36 

3-9 

Passive smokers 

1538 

1461 

677 

5-0 

Single smokers 

1751 

1787 

-36 


Double smoker* 

3791 

3868 

-77 



*As defined by Hole et at. 1 . tD«i from ubkt I of Hole a ai. ! 
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gones of mortality quoted are well in excess of that 
produced by the form of bus suggested. Also, as 
control subjects expeneDce some level of environ- 
CDemal tobacco uaokc* 1 our estimates of nsk could 
tie coa ae r v arive. 

Mr Let misunderstands our use of urinary 
cotuune concentrations in passive smokers. We 
were using published data to establish whether our 
study had sufficient statistical power to detect the 
size of risk that might be expected among passive 
smokers. If Mr Lee is correct and urinary cotuune 
concentrations are equivalent to a lower dose than 
assumed then our decision not to rely solely on 
statistical significance as evidence of a genuine 
effect was definitely correct. Ours was a cohort 
study of a general population and was not subject 
to the buses associated with a case-control design. 
In addition, subjects reported their own smoking 
histones, and environmental exposure was based I 
on record linkage of cohabitees, thereby avoiding 
the need to rely on self reporting of passive 
exposure. 

Our observations on lung cancer may be based 
on only nine deaths but are consistent with the 
ksuIi of a meta-anxlysir combining 13 separate 
studies, which concluded that breathing other 
people's tobacco smoke causes lung cancer. The 
importance of our study lies in the estimates of risk 
for isc h arrm r bean disease (based on 84 deaths), all 
causes of death related to smoking (175 deaths), 
•Dortaiiry from all causes (263 deaths), respiratory' 
symptoms (292 cases), and cardiovascular 
.symptoms (117 cases). The consistent increase in 
risks for such a wide variety of health outcomes 
from an unbiased prospective cohort study together 
with a dose-response relation in passive smokers 
strongly suggests that there is now a to be 
answered against passive smoking that extends 
beyond the causation of lung cancer. 

DAVID* HOLE 
CHARLES R GIliLIS 

Wen of Scotland Cancer StmeiUiBcc Umt, 

RUchiLI Hospital, 

Glasfow G20 9NB 

CAROL CHOPRA 
VICTOR M HAWTHORNE 

Department of Eptckmioiofy, 

L nrverury of Michigan, 

Michigan, 

United Sum 


1 Lee PN. Passive smoking and cardiOfespiniary S—MR » 

St«JaiKl. BrMnf J 1 9t9J99.U2: (16 September ) 

2 Hole DJ, GtliisCR, Cbopn C, Hawthorne VM: Passive aaokmt 

and cardiorespiratory health u a general population a> the west 
of Scotland. BtMtdJ 19*9,299:423-7. (12 August.) 

3 Wald NJ, NinchalaJ K, Thompson SC, Cuckle HS Does 

breaUung ether peopk’t tobacco smoke cause )ui* cancer? Br 

MtdJ 1986^93:1217-22 

Referrals from general practice 
to hospital outpatient 
departments 

Sir, —One as pea h ighli gh ted in the report by Drs 
John Emm a n uel and 'Nigel Walked is treatment of 
skin disorders in general practice. Proposals in the 
white paper are likely to encourage more minor 
surgery to be undertaken by general practitioners. 
This may be more cost effective (although our own 
experience indicates that this ma y not n ecessar ily 
be so), but skin surgery should be undertaken in 
general practice only if the diagnosis is certain— 
otherwise referrals may be increased rather than 
decreased as intended. We report two problems 
that resulted from inappropriate skin surgery in 
general practice. 

A 49 year old woman had a pigmented lesion 
removed by curettage and cautery from her lower 
leg by her general practitioner. Histology showed 
malignant melanoma, but it was impossible to 
ascertain the depth of the tumour on the basis of 
the inadequately thin curettage specimen. The 
patient then had a wide excision and graft, but it is 
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possible that she would not have required an 
extensive operauon because narrow excision 
margins can sometimes be adequate for very thin i 
melanomas. 

In another patient, a 46 year old woman, a 
slightly raised nodule on the leg was treated by 
curettage and cautery by her general practitioner. 
Histoldgv showed invasive squamous cell car¬ 
cinoma and the patient was referred for further 
advice. Because it was difficult to know the ade¬ 
quacy of the initial i treatment the patient was 
committed to prolonged follow up to exclude 
recurrence of the lesion. 

PHILTP HARRISON 

Depmmcn i of Denniioiofy, 

Beaumont Hocpii&J, 

Lujcmict LAI 2JF 

ROBERT BLEWTTT 

Department of Pitboiofy, 

Lancaster Moor Hospital, 

Lancaster LAI 3RJ 1 

I Emmanuel J, Walter N. Referral! from feoeraJ practice to 
hospital outpatient departments: s nraicfv for improv em ent 
BrMutJ IWJW:722*4. (16 September.) 


Provision of services 

Sir,—I t seems to be the custom that when a 
specialist advisory committee pronounces on how 
services should be provided tins is accepted j but 
there are occasions when someone needs to stand 
up and say “You are wrong," 

The North West Thames ear, nose, and throat 
regionaJ advisory 1 subcommittee says that inpatient 
ear, nose, and throat services should be provided 
only in subregional specialist centres and not in 
the smalltr district general hospitali. I have been 
the anaesthetist for three to four ear, nose, and 
throat lists per week fori over 20 yean and know 
that most of these operations are everyday bread 
and butter surgery and that over half are on 
children. Indeed the commonest paediatric opera¬ 
tions are ear, nose, and throati— tonsils, glue ears, 
etc. These services have always been availible at 
the 16caJ hospital and to say they should all go to 
subregional centres is tantamount to saying all 
hernias and ingrowing toenails should go to 
specialised units. Not only does this deprive 
patients of what 1 would call a core service but it 
has profound knock on effects on most other 
services in the distriageneral hospital through the 
possible loss of recognition of anaesthetic tobs. 
Before someone brings out the old chestnut of 
"Make rotations” I will!answer “Just you try to.” 

We are facing this situation in North West 
Hertfordshire District, where the loss of inpatient 
ear, nose, and throat services will disadvantage our 
patients and could cause havoc with the hospital 
services as a whole. l am afraid that this may be 
only the beginning of specialist groups building 
their own liulb empires without regard to the 
patients and hospitals from whom they withdraw 
their services. 

MARGARET E PICKERING-PICK 

Si Albuti Cnv Hospitil. 

S. Alb«m AL3 9XX 


Psychiatric illness among the 
homeless 

Sir,—D r Max Marshall describes a high pro¬ 
portion of residents of Oxford hostels for the 
homeJess as being “I6ng term psychiatric patients” 
and implies that, they are deinstirutionalised Jong 
stay patients. 1 Our findings, however, suggest that 
hostel residents with psychiatric disabilities may 
have had numerous yet relatively brief hospital I 
admissions and include those sometimes referred 
to as “revolving door” patients. 

We are currently evaluating a psychiatric liaison 


service to residents of a direel access hostel for 
homeless women in central London. Of 33 women 
seen to date, 26 are known to have had at least one 
previous psychiatric admission, but only four have 
spent periods of more than one year continuously 
as inpatients We believe the current emphasis on 
deinstirationalised long stay patients is misplaced: 
it is the needs of those withi chronic, severe 
psychiatric disabilities in the communin’ and: 
the revolving door patients that are not being 
addressed. Deferring the closure of psychiatric 
hospital will have littli impact on this large group 
of people The Department of Hfcalth has stated 
that the forthcoming white paper on community 
care wdl contain plans to prevent the unplanned 
discharge of long stay patients into the community. 
These safeguards will be of no valUe to most 
aevereH’ disabled psychiatric pauems in the 
community. 

Dr Marshall’s findings and our own data both 
show high levels of unmet Deed and are in keeping 
with most surveys of people with' psychiatric 
disorders in the community. These findings 
clearly indicate inadequate provision of care, but 
they should not be used as evidence of the 
ineffectiveness of deinsritutionaiisation pro¬ 
grammes or properly planned! and funded com¬ 
munity services. The few controlled studies of 
selected patients discharged within carefully 
planned community programmes’ show that 
long term psychiatric patients (whether or not 
they have had 16ng stay psychiatric admissions) 
can be maintained outside hospital without the 
deterioration in symptoms, poor psychosocial 
functioning, and readimssions that are all too 
commonly found in the surveys. Perhaps more 
importantly, the comrollfcd studies in which 
patients’ wishes and satisfaction have been recorded 
dearly show that they prefer to be treated'in the 
community’. 

KRLETHEM 
C R PUGH 

Department oTPvydusir>, 

Mkidkiea Haipiul, 

London WIN SAA 


1 Marshal] M: Cotkcied and Defkcicd: are Oxford bonds lor 

the borne lew filiimg up : with dmbied pavchiatnc patxim' 
Br May 1989.299 706-9. (lbSeptember.) 

2 Welkr BGA, Weller MP1. Coker E. Mahomed S. Cn» at 

Christmas 1986. Lmctt 1987y:553-4: 

3 Braun P. Kochansky G, Shapiro R, tt at. Overview: denmmi- 

Donaluattoo of pjvchiatoc patients. « cnucaJ min of 
outcome Studies. Amyfiiyckiairy 191J ;13*:73fr-U 

Safety of Picolax in 
inflammatory bowel disease 

SIR,—In view of the suggestion of Dr A J G 
McDonagh and colleagues that further evaluation' 
of Picolax is merited' we would like to report 
our own experience with this preparation in a 
large cohort of children undergoing fibreopuc 
colonoscopy at St Bartholomew's Hospital. 
Between 1982 and 1988 we performed 534 colono¬ 
scopies on 412 children attending this hospital and, 
with few exceptions, Picolax was used routinely 
to prepare the colon before endoscopy . This in¬ 
cluded the 287 procedures performed on children 
with chronic inflammatory bowel disease (163 with 
Crohn’s disease, 101 with ulcerative colitis, 23 
with indeterminate colitis) that was either known 
to pre-exist or suspected and confirmed at the time 
of endoscopy: We found the preparation to be 
successful for cleansing the bowel and free of major 
complications. 

Based on our experience we have developed the 
following regimen for preparing the colon before 
endoscopy in children. The child is given only 
fluids for 24 hours before the procedure and is 
given two doses of Picolax, one about 15 hours 
before endoscopy and the other three hours before. 
The dose is age dependent: children over 6 years 
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Source: https://www.industrydocuments.ucsf.edu/doCs/ljpxOOOO 




unlikely to be of value and often causes un¬ 
necessary anxierv. Nutrition is better assessed 
using skinfold calipers (which are also cheaper and 
more portable than weighing scales' to measure 
directly,the thickness of subcutaneous fat.’ 

Accurate height measurement (supine length in 
infants undfcr 2 years) is a sensitive guide to child 
health.' Growth velocity (calculated from repeated 
measurements of height at in tervais) represents the 
current 1 dynamics of growth much bener than a 
single measurement,, whichi reflects previous 
growThj Regular, accurate measurement of 
children can identify those who would benefit from i 
medical, social! or educational intervention. 4 

Many height measurements in hospital and the 
communin’ are inaccurate and misleading because 
of careless techniques and inadequate apparatus. 
Suitably accurate, cheap, and portable apparatus is 
now widely available for use in primary care, and 
measuring techniques eliminating posrural drops 
and positional errors are readilv learnt bv moti¬ 
vated staff. Supine length m children under 2 years 
_can generally be measured accurately with the help 
of an assistant. 

Collected accurate growth (height) data in 
children have important benefits beyond those to 
the individual*—as an index of the health of a 
populauon or a subgroup (for example, ethnic 
group or social class). Bnush dau are not available 
and would be valuable. 

Many who care for children lack the skill to 
measure them accurately, plot measurements on a 
growth chart, and interpret the data obtainedi As 
the report states, such understanding is essentia! 
for growth monitoring. More must be done to 
make those who look after children aware of the 
need 10 measure height accurately and regularly 
throughout childhood and to train them to db so. 

CHRISTOPHER J H XELNAH 


Health; which started running full time training 
courses of six weeks' duration for doctors some 
30 vears ago. In the early 1970s when the 
Faculty of Communin’ Medicine was formed 
communin’ health doctors were not eligible for, 
membership. Fortunately, a number of medical 
schools started lo run training courses in child 
development:to fill the need that resulted. There 
was. however, no organisation or body monitoring 
the standard or comeni of those courses,,which 
vaned widely . 

Following the formation of the Faculty of 
Community Medicine residual members of the 
Society of: Community Medicine sought, to-pro¬ 
mote the interests of community health as well as 
community medicine. In 1988 the society (which 
has since changed its name to the Society of Public 
Health) was instrumental in 1 establishing a new 
Faculrv of Communin’ Health to produce sylla¬ 
buses. set standards, and i appoint examiners. In 
future, membership of the Faculty of Communin’ 
Health should be evidence of eligibility for posts as 
senior ciinical medical officer or as consultant in 
community child health —more appropriate to the 
needs of the clients and of the child health and 
education services than "community paedia¬ 
tricians. 

We hope that this faculty will provide training 
for general practitioners in child health surveil¬ 
lance and that appropriate diplomas will be 
established. 

P A GARDKER 
J S ROBERTSON 

Sooeivof Public Health, 

London W1N +DK 

1 Poiroi U Child health surveillance. &t MedJ 19B9u299 1331-2. 

;2 December / 

2 HillDMB Child health surveillance fir KltdJ 19B9.299:1352-1. 

f2 Decern her I 


Department of Child Life and Health , 
U htveror v of Edin buryh, 

Edinburgh EH91UVC 


1 1 Polnav L. Child health surrcilianee. B* MedJ !W9 J99:135112. 
(2 December, i 

2 HaJI DMB:«L Health (or all children, ikr rrpon of the fouu uxrktnt 

partv an child health nroeihonce. Oxford: Oxford Univcnm 
Pres*. 1989 

3 Tanner JM, VChutehouse RH. Revised standards fdr inceps and 

suhscapullr standards in Bhnsh children. Anh Du Child 
1975:50 142 5. 

4 Tanner JM. Facna into mar. 2nd ed j Wart; Castlcmcad Puhi>ea 

uon^l989 


Sir.— Health,For All Children , discussed bv Dr 
Leon Polnay ! and!Dr D M B Hall,'is the result of a 
working parry set up by groups representing 
paediatricians and general practitioners, neither, of 
whom is disinterested. The British Paediatric 
Association suggested some years ago that senior 
ciinical medical officers in the child health iservice 
should be replaced by "community paediatricians” 
who would work part rime as paediatricians in the 
hospital and!would uke part in the on call duty 
rosier. Similarly, much of the interest in taking 
over child health surveillance by general practi¬ 
tioners has been tied to the proposal that extra 
payments would! be made for such; a service. 
Practitioners who have a real interest in this work 
provide such a service already for patients on their 
lists. Bodies that actually represent the medical I 
officers who. work in the child health service were 
not invited to join the working parry. 

Child health surveillance requires a different 
outlook from clinical medicine, and it is not easy 
for clinicians whose whole training has been 
directed to the diagnosis and treatment of disease 
to stop thinking in such terms and abandon their 
prescription pads. Clinicians are not the most 
appropriate group to advise on a child health i 
service thai they do nor fully understand. 

Developmental assessment and child health 
surveillance w-ere pioneered bv ihe former child 
health group of the Society of Medical Officers of 
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assive smoking and 
cardiorespiratory health in 
Scotland 

SrR,— In an earlier litter’ I claimed that misdas- 
sification of active smoking state can explain the 
fact that Air David J Hole and his colleagues' found 
weak positive associations between passive smok¬ 
ing and a number of indicators of cardiorespiratory 
health in the Scottish prospective study. In their 
reply Mr Hole and colleagues presented calcula¬ 
tions to justify their view that the effect of 
misclissificauon is to produce "only small biases in 
the relative nsk for passive smokers,” with the 
reported relative risk "well in excess” of that 
produced by this form of bias.’ Unfortunately,, 
these calculations are grossly in error and therefore 
highly misleading. 

The error lies in basing calculations on results 
for men and women combined without adiustmcni 
for sex Tablit I of the original paper show's a clear 

Table 1 — “Observed” relative risks jot passive smoking 
jar varying denial rates of smoking* 

Retailvc mks for passive smoking 
„ . Sexes combined 


<%■ 

Men 

Vt’omen 

Adjusted! 

Unadjusted) 

2 

1 74 

1-25 

H40 

J 12 

4 

1-95 

1-42 

I 1 58 

118 

6 

206 

) 54 

1170 

1 20 

8 

2 .- 11 : 

163 

If 78 

J 22 

JO 

215: 

1 70 

1184 

1 23 


■ Assuming ’Iruc" relative nsks of ! tO fbr passive smoking and 
20 0 tor active smoking 

tAdjusted for, sex using weights N . ■* K,', where N t 

and N . arc the observed numbers of exposed and unexfwised 
subjects This is a conservum-e approximation io ihe true 
adjusted figure, ,which cannot be calculated precisely from the 
data provided b\ Holt ei al. 

+ As given bv Hole eta! 


association between the smoking habits of the 
index case and the cohabitee, with the concordance 
(cross product) ratio being 2-32 for men and*2 J9 
fbr women An appropriate estimate of the concor¬ 
dance ratio for the sexes combined with sex 
adiustmcni bv the Mantel Haenszei procedure' is 
2 25. If: inappropriately, the concordance ratio is 
calculated from the pooled data, a much low-eri 
figure of 1 -29 is obtained, and this masks mosi of 
the true associauom This is important! because it 1 
can readily be shawm that the concordance ratio 
provides the upper limn to the extent of the 
observed relative risk from passive smoking due to 
rmsclassification of smoking habn (assuming a true 
relative nsk of 1-0). Table I shows that when 
correcilv calculated the observed relative nsk can 
far exceed the value of 1-20 stated by Mi Hole and 
his colleagues to be "the largest nsk to be among 
passive smokers due to this form of bias 
The question anses as to the extent that this 
source of bias can explain all the reponed relative 
nsks for active and passive smoking seen in the 
Scorush study. Table IIigives some insight into this 
question, showing "observed” and “true” relative 
nsks assuming a 4% denial of smoking, a figure 
consistent with data from many studies of the 
issue.' Comparing the "observed” relative nsks of 
active and passive smoking with those given in i 


table n — ''Observed'' relative risks for passive and 
active smoking for, varying "irw" relative nsks for active 
smoking* 


"True" relJuve nsks 

"Observed V relative nsks 

Passive 

smokers 

Aeuve 

smokers 

Passive 

smokers 

Acuvc 

smokers 


30 

I 70 

9 17 


20 

1-58 

7-88 


JO 

1-39 

5-62 


5 

1-23 

3-63 


3 

M3 

2 50 


2 

1-0T 

5-8) 


“ Assuming 4"4 of smokers deny smoking. Results are for sexes 
combined adiusied for sex as in table 1. 


table VII of the onginal paper shows that there is 
no problem whatsoever in reconciling the dau with 
the bus hypothesis for most of the cardiorespira¬ 
tory endpoints. For example, relative nsks of 3 77 
(active) and! 1-2! (passive) for hypersecretion are 
both very clbse to the values given in table II for a 
"true” active risk of!5 (1 23 and 3-63* respectively.). 

Only rwo endpoints deserve special comment. 
The first is death from iung cancer, for which risks 
of 10-64 (active) and 2 41 (passive) were observed. 
The confidence interval for the risk with passive 
smoking was enormously wide (0 45 to 12-S3), and 
the pomt estimate of risk was Higher than that in 
any of over20 ocher, larger, studies on the issue.' I 
have claimed elsewhere than rmsclassification i of 
active smoking stare can explain the average 
relative nsk fori passive smoking of aboui 13-15 
seen in epidcmioldgical studies.' I retain this new 
but have never staled that it explained the figure in 
the Scottish 1 study, of 2-41, to which chance has 
clearly contributed substantially. 

The other endpoint is ischaemic heart disease, 
for which nsks of 2 27 (active) and 2 01 (passive) 
were observed. Although the risk with: passive 
smoking is significant (93% confidence interval 
121 to 3*35) and the lower confidence limn is 
slightly above the bias expected; J do not find this 
convincing evidence of a true effect of passive 
smoking This is partly because the significance 
level is noi high, beanng in mind the number of 
endpoints studied; and partly because the poim 
estimate of relative risk for passive smoking is 
difficult to reconcile wub that for active smoking, 
bearing in mind that smokers have much:higher 
acme and passive exposure to the constituents.or 
smoke, in the; fbrm of both mainstream and 
sidestream smoke, than do passively,exposed non- 
smokers. More evidence is: clearly- needed here. 
The American Cancer Society million person study 
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accumulated 153 deaths from lung cancrr and 
man y thousands of deaths from ischaemic heart 
disease m non-smokers. The effect of passive 
smoking on lung cancer has been looked into.* It is 
a pity that its effect on ischaemic heart disease has 
->ot. 

V PETER N LEE 

s, 

v .*ySM2 5DA 

1 Let PN. Passive smoKing and caidiorespiraiorv health m Scot- 

l*ndJBr .Hed719*9.^» 74: n6 Sepicmbtr 

2 Hole DJ. Gillit CR. Chopra C. Hawthorne VM Passive smoking 

and cardiorespiratory health in a general population m LDe wean 
of Scotland. 19$9J99:423T.^iAygusL) 

3 Hole DJ. Gilds CR. Chopra C, Hawthorne VM. Passive smoking 

and cardiorespiratory health in Scotland. Br H*dJ 19P9 JW" 
1100-1 

4 Mantel N. Hacnucl IW. Statistical aspects of the analysis of data 

irom retrospective studies of disease J Siiil Cower i*u 1959; 
22:719-48 

5 Lee PN. Passive smoking and lung cancer, faci or faction? Ini 

Bteva CJ1 Couinois V, Govaert* M. cds. P*ni hour* »f iwW 
<nr quality. Amsterdam: Elsevier, 1989:119-28. 

6 Garhnkd LI. Time trends tn lung cancer mortality among non- 

smokers and a note on passive smoking J Sail Cancer hui 
1981;66:1061-6.' 


AUTHORS’ reply,—Out calculations arc neither 
incorrect nor misleading. Mr Lee is attempting to 
show how large a bias can be introduced into 
estimates of relative nsk for passive smokers due to 
active smokers misdassifying themselves as non- 
smokers. In doing so he has produced biases that 
are excessive because we can show his assumptions 
are false. His main mistake has been to assume that 
the “true” relative nsk for; lung cancer is the same 
for male and female smokers fbis table I). Also, 
although the extent of smoking denial for our study 
is not known, ,we can put an upper boundary on it. 

Our original study estimated the relative risk of 
Uing cancer among active smokers as S49 for men 
and 3-33 for women.' Table 1 shows, under Mr 
Lee's assumptions, that “observed” relative risks 
for active smokers would be larger for women than 
n. This is incompatible not only with what we 
.ve observed but also with all other reports we 
know’ 1 of. Thus his assumption that the same 
“true” relative riskholdi for both men and women 


TABLE Ir-“0!>J*nWT* relatree risks for active and 
passive smokers far varying denial rates of smoking* 


JUie of 
denial 

(*); ■ 

Relative nsks for 
active smoking 

Relauve nsks for 
passive smoking 

Men 

Women 

Men 

Women 

i 

10M 

16 20' 

U53 

1 15 

2 

6-90 

13*42 

1(74 

1 25 

3 

5 14 

11*53 

JrST 

1-34 

4 

4 10 

9-99 

1 ; 95 

1 42 

6 

2 88 

7-89 

2-06 

1*54 

8 

2-20 

6 48; 

211 

T63 

10 

176 

5-43 

2 15 

I 70 


•Assuming “'true*' relative risks-of TO for passive smoking 
and 20 for active smoking. 


is untenable. Also, if we accept Mr Lee’s theoreti¬ 
cal range of possibilities for the rates of denial of 
cigarette smoking then the outcomes become even 
more unlikely. For each rate of denial ofi4% and 
over suggested by Mr Lee the relative nsk for male 
active smokers is progressively well below that 
observed m our study (tabic I). Above i denial 
rate of 8% the “observed” relative nsk for male 
passive smokers exceeds that for acuve smokers. 
Our data arc, however, compatible with denial 
rates of up to 2% and a “true” relative nsk of 4 for 
female smokers. 

Mr Lee questions the extent to which mi sc 1 as¬ 
signation can explain all the reported relative nsks 
for active and passive smoking seen in our srudy. 
Table II shows the relative nsks for active smokers 
found in our study fbr each endpoint and the 
“true” relative nsks with which these are com¬ 
patible, assuming a rate of denial of smoking of 
2 %.,Far example, the relative nsks for all causes of 
death associated with active smoking are 1*85 for 
men and L87 for women. These figures are 
compatible with a “true” relative risk of 2, given 2 
denial rate of 2%. The figure of 5 that Mr Lee 
quotes in his letter may be appropriate for some of 
the endpoints used but certainly not for all. 

The final two columns of table II show the 
passive smoking relative risks found:in 0 ur srudy 
for each of the endpoints compared with those thar 
could have occurred through the type of bias Mr 
Lee attributes to our study. In particular, the 
differences are quite noticeable for the four cate- 
gones of mortality. Thus misc Unification can bias 
estimates of relative risk for passive smokers that 
use assumptions compatible with our estimates for 
active smokers. The size of these biases does not, 
however, explain our passive smoking results. 

What is sinking about our results is their 
consistency across a wide range of endpoints in 
addition to lung cancer and especially for 
ischaemic heart disease. This is supported by our 
findings of a dose-response relation for each of 
these. Even though Mr Lee reaffirms his view that 
misclassificaton of active smoking state can explain 
the average nsk of lung cancer with passive 
smoking, we welcome his impheauon that the 
effect of passive smoking on ischaemic heart 
disease is worth further investigation. 

DAVID I HOLE 
CHARLES R GILLIS 

West of S> ntland Cancer Survciiliacr Unit, 

RuchiU Kiftpiul, 

Glasgow C20 9NB 

VICTOR M HAWTHORNE 

Deparunrnt 01 Epuienuoiogy, 

University of Michigan. 

Michigan. 

Unneid Sum 

1 Hok DJ, Gdki CR. Oopn C, H»»tfaomc VM Passive smoking 
and cxrQjocnpiniorv health tn a general population id the »e*t 
of Scotland. BrMidJ 1989*2*9:423-7. (12 August,). 

V This correspondence is now closed. — Ed, BMjf. 
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Congenital malformations 

SIR, —In her editorial on congenital malformations 
Professor Eva Alberman comments on the excess 
rate of deaths from malformations, particularly 
neural tube defects, in infants of mothers bom in 
Pakistan. 1 In the studies referred to only, perinatal 
deaths were considered. Many neural rube defects 
m this country are now detected by prenatal 
screening programmes, and women may opt for 
termination of the pregnancy when found to have 
an affected fetus/ so these studies may not reflect 
the true incidence of neural tube dfcfects. Asian 
women tend to book later for their antenatal care/ 
and this may account for the high contribution of 
neural tube defects to perinatal mortalirv: second 
trimester screening would be available to a relatively 
smaller proportion of Asian women. Furthermore, 
they may find termination of pregnancy unaccept¬ 
able on religious grounds/ 1 We have investigated 
the overall incidence of neural rube defects by 
ascertaining all those affected fetuses detected by 
prenatal screening with ultrasonography, as well as 
all those found in the perinatal penodi We have 
alio tned to determine factors that may be impor¬ 
tant in explaining any racial differences in the 
incidence. 

We reviewed the maternity ultrasonography 
department records, neonatal and labour registers, 
and necropsy reports from January 1980 until the 
end of December 1987 tn one district general 
hospital 10 ascertain all fetuses, stillbirths, and 
neonates with a neural tube defect. The maternal 
notes were then inspected !to determine the date of 
booking for antenatal care, if and when an ultra¬ 
sound scan was performed, and whether a termina¬ 
tion of pregnancy was offered. 

In the Pakistani populauon there were 111 neural 
tube defects in a total of 3777 births (2 91 per 
1D0G); there were 32 neural rube defects in 28 834 
births to white women >(1*11 per 1000) i (able). 


Incidence of neural lube defects m fetuses and babies of 
irhue and Pakistani women, 1980-7 



White 

women 

Pakistan; 

women 

Detected bv routine ultrasound scan 

17 

5 

Pregnancy terminated 

Pregnancy continued 

17 

4 

1 

Not detected bv routine scan 

15 

6 

Scan not availibk 

12 

3 

Not detected by scan 

2 

1 

Booked too late for scan 

Did not attend for scan 

1 

1 

1 

Total neural cube defects 

32 

1) 

Total births 

28 834 

3777 

Incidence per 1000 births 

111 

2 9) 


Routine examination with ultrasound was intro¬ 
duced only in 1984:and hence was not available to 
many of the women included in this study. The 
incidence of neural tube defects in the Pakistani 
populauon was significantly higher than that in the 
white population (p»(F0i3, Fisher’S exact two 
tailed test; relauve risk 2*62, 95% confidence 
interval 1 19 to 5-34). One woman in each group 
booked too late for routine prenatal Iscreening, and 
one Pakistani woman failed to attend for the scan. 
These numbers are small, but it is of note that the 
mean gestation at which these women booked was 
18 2 weeks in the Pakistani group as compared 
with ]4-3 weeks in the while group. 

Six of the M Asian babies with neural i tube 
defects were bom to women with a consanguineous 
mamage. 

We have shown that there is a real 1 increased 
incidence of neural tube defects in the Pakistani 
population, with late booking and reluctance to 
terminate an affected pregnancy contributing 
minimally to the increased incidence found in 
perinatal deaths. Changes in customs are difficult 
to encourage but may well occur spontaneously as 


TABLE n — Relative nsks found in study' compared iciih 1 “true" relative nsks for acme smokers and “ observed” relative 
nsks for,passive smokers’ 


Endpoint 


Active smokers 


Passive smokers 

Men 

Women 

Both sexes 

Study 

finding 

“True" 

relauve 

nsk 

Study 

Ending 

“True’* 

relauve 

nsk 

Study 

finding 

“Observed" 

reiiuve 

nsk 

ifaJectcd phlegm 

4 03 

60 

312 

5-0 

1-34 

1114 

Persistent phlegm 

4 23 

6-0 

393 

5:0 

1 19 

J114 

Dyspnoea 

1 (65 

1*9 

1-37 

1-4 

1 09 

1 f 03 

Hypersecretion 

2-95 

5-0 

4 J5 

5-0 

121 

1113 

Angina 

213 

2*7 

1-44 

1-5 

111 

lf05 

Maior abnormality tn electrocardiogram 

1 (57 ■ 

1-8 

0-92 

Hi 

1-2?: 

U02 

causes of death 

1185 

20 

1-87 

20 

1-27 

1-04 

haerruc heart disease 

136 

3*0 

2 89 

30 

Z 01 

1-0? 

j mg cancer 

8 49 

200 

3 33 

4 0 

2 41 

1-26 

.aIJ! causes of death related 10 smoking 

P90 

3-0 

2-45 

30 

1 30 

107 


•Assuming 2S of smokers deny smoking The results for both sexes combined hare been adiusted for sex using weights 
N iN.yTN where N, and N ; arc observed numbers of exposed and unexposed subueers 
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accumulated 153 deaths from lung cancer and 
many thousands of deaths-from ischaemic heart 
disease in non-smokers. The effect of passive 
smoking on lune cancer has been looked into.* It is 
a pity that its-effect on'ischaemic heart disease has 
not. 

PtTERNLfE 

11 ton, 

,rreySM2 5DA 

I 1 Lee PS. Piutvc tnnoiunt md card 10 respimon health m Scot* 
IathI. BrMtdJ 1989 .299 -742,' 16 Scoietnoer > 

2 Hole DJ. GiilisCR. Chopfi C. Hawtftome V.M Passive smoking 

and cirOiofrsptraion Beaten in » rmeni population m Lhc •»! 
of Scotland. flit Med J 1989.299:423-7; vC AuiuaL; 

3 Hole DJ, GJJjs CR. Chopra C. Hjwtnorae VM. Passive smoking 

and cardioreipiraiorv hcaJih uii ScoiLand. 9r M td J 1989:299- 
1100-1 

1 Mantel N, Hacnszel XT. Statistical aspects of tne analysis of data 
tram retrospective scudicvoi disease. J -Vod Cancer l tu 1959; 
::;719-»8. 

5 Lee PN. Passive smoking and lane cancer; fici or fiction? In: 

Bieva CJ. Counois Y; Goveem M. cds. Preune future of mOour 
air qualm. Amsterdam; Elsevier. 1989 I IMS. 

6 Camnkel L Time trend* in. lung cancer monalwv among not*, 

smoeen and a note on passive smoking J Sail Cancrr /*n 
198L6b:|061^.- 
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Authors’ reply, — Our calculations are neither 
incorrect nor misleading. Mr Lee is attempting to 
show how large a bias can be introduced into 
estimates of relative risk for passive smokers due to 
active smokers misdassimng themselves as non- 
smokers. Id doing so He has produced biases that 
arc excessive because we can snow his assumptions 
are false. His mam mistake has been to assume that 
the “true” relative risk for lung cancer is the same 
for male and female smokers (his table l). Also, 
although the extent oi smoking denial for our study 
is not known, we can put an upper boundary on it. 

Our original study estimated the relative risk of 
lung cancer among active smokers as 8-49 for men 
and 3-33 for women. 1 Table I shows, under Mr 
Lee’s assumptions, that' “observed” relative risks 
for active smokerswould be larger tor women than! 
men. This is incompatible not only wuh what we 
lave observed but also with all other reports we 
know of. Thus his assumption that the same 
‘'true” relative risk holdi for both men and women' 

TABLE i —“Observed” relative ruks for aenvt and 
passive smokers for.varying denial 'rales of smaiting* 


Relative; nski for Relative risks for 

Raie of active smoxjjis passive smoking 


denial 

CM • 

Men 

'X’omen - 

A\cn 

Tom«n 

1 

10-34 

16 20 

1-53 

115 

2' 

6-90' 

13i42 

1-74 

1:25' 

3 

5d4 

11*53 

.'-ST 

1:34 

A 

4-10' 

9-yq 

1-95 

1:42' 

b 

2:38 

T-F9 

2-06 

1154 

8 

2 20' 

6-48 

2-11 

It63 

10 

1 76 

5-45 

215: 

H70 


■Assumuis 'true" relative risks of I 0 for passive smoking 
and 20 for acuve smoking. 


is untenable. Also, if we accept Mr Lee’s theoreti¬ 
cal range of possibilities for the rates of denial of 
cigarette smoking then the outcomes become even 
more unlikely. For each rate of denial of 4% and 
over suggested by Mr Lee the relative risk for male 
acuve smokers is progressively well belbw that 
observed in our study (table I). Above a denial 
rate of 8% the "observed” reliuve nsk! for male 
passive smokers exceeds that for acuve smokers. 
Our data are, however, compatible wuh denial 
rates of up to 2% and a “true" relative nsk of 4 for 
female smokers. 

Mir Lee quesuons the extent to which misclas- 
sificauon can explain all the reported relative nsks 
for acuve and passive smoking seen in our study. 
Table II shows the relative nsks for acuve smokers 
found in our srudV for each endpoint and the 
"true" reiauve nsks wuh which these are com¬ 
patible, assuming a rate of denial of smoking of 
2%. For example, the reiauve nsks for all causes of 
death associated wuh acuve smoking are 1 - 85 for 
men and 1* 87 for women; These figures are 
compauble with a "true” reiauve nsk of'2, given a 
denial rate of 2%. The figure of 5 that Mr Lee 
quotes in his letter may be appropriate for some of 
the endpoints used but certainly not'for all. 

The final rwo columns of table II show the 
passive smoking reiauve nsks found m our srudy 
for each of the endpoints compared with those that 
could have occurred through'the type of bias Mr 
Lee aernbutes to our siudv. In particular,, the 
differences are quite nouceable for the four cate- 
gones of mortality. Thus tiusclassificauon can bias 
estimates of reiauve nsk for passive smokers: that 
use assumpuons compauble with our estimates for. 
acuve smokers. The size of these biases does not, 
however, explain our passive smoking results. 

What is sinking about our results is their 
consistency across a wide range of endpoints in 
addition to lung cancer, and especially for 
ischaemic heart disease. This is supported by our 
findings of a dose-response relation for each of 
these. Even though Mr Lee reaffirms his view that 
misciassificaton of acuve smoking state can explkin 
the average nsk of lung cancer with passive 
smokmg, we welcome his implication that the 
effect of! passive smoking on. ischaemic hean 
disease is worth further mvesugauon. 

DAVID f HOLE 
CHARLES R CILLJS 

Wesi of S* i-KUml Cancer Surveillance L on, 

Ructnii hi, pi uii, 

Glasgow r.209h'B 

VICTOR M HAWTHORNE; 

Deparunoni of Epidemiology. 

Lmyersitv of Michigan, 

Michigan, 

United Sum 

1 Hoie DJ. GiiiisCR. Chopra C. Hawthorne VM; Passive swotting 

and cuQjomuuaiorv health in a central population 10 the west 

of Scotland. B* Mid J l989„199-4 ’3-7. {12 August, j 

V This correspondtnce is now closed! — Ed , BMJ. 


TABLE it —fliuaifre nsks found m sradyr compared zvuk “me” relative nsks far active smokers and “observed” relative 
nsks for passive smokers' 


Endpoint 


Acuve smokers 


Pissive smakers 

Aten 

'Tomen. 

Both sexes 

Studv 
finding ; 

“Tinjc" 

reiauve 

nsk 

Study 
an ding 

"True" 

reiiuve 

nsk 

Study 

fiodiog 

"Observed" 

relative 

nsk 

Ihiiccted pnieern 

4 03 

a 0 

3-82' 

5 0 

1-34 

114 

Pbrsisrent pmevm 

4 23 

60 

3 J 93; 

5 0 

L 19: 

l 14 

Dvspnoca 

l 65 

1-9 

t-37 

1-4 

1 09 

I 03 

HvperseMrrtion 

2 95 

5 0 

4-15. 

5-0 

i:t 

1 13. 

Ancina 

2 13 

2 7 

1-44 

15 

in 

1 05 

Mjior abnormaiin- m electrocordjojrr-airi • 

1-57. 

18 

0-92 

III 

1 27 

1 02. 

All cause* of dOaift 

1-S5 

2 0 

1 87 

2 0 

1 27 

1 04 

l&chaeruc nan djsea^e 

136 

3 0 

2S9 

3-0 

201 

1-07 

Lunc cancer 

S 4V 

20 0: 

3i3Ji 

4 0 

2 4! 

1 26 

All causes uii dttaib related to smoKUiz 

i -90 

3 0 

2'45. 

3 0 

1-30 

1 07. 


• Assuming 2*v ol smwkers deny smuiuniC Tihe results for both sexes combined have been adjusted tor; smt using weights 
N .N,;S, N.i. afterc N, ml N ; are observed numtxrs « espused and unesposed suoiecn- 


Congenital malformations 

Sir, — In her editorial oi congenial malformations 
Professor Eva AlbermaVkommfnts on the excess 


rate of deaths from m; 
neural tube defccis, in 
Pakistan. In the studies 
deaths were considerea. 
in this country are no 1 
screening programmes, 
termination of the pregnancy 
an affected fetus, J so these ^t 
the true incidence of neui 
women tend to book later fol 
aod this may account for ihi 
neural tube defects to peni 
trimester s ci r e r ung would be 
smaller proporuon of Asian 
they may find termination ol 
able on religious groundi/ 
ihe overall incidence of m 
ascertaining all those i/fecti 
prenatal screening with uli 
all those found in the penla 
also tned to detemune factors 
tant in explaining any racial 
incidence. 

We renewed the mat. 
department records, neonaiaJ 
and necropsy repons fromj Jam 
end of December 198 


ormahons, particularly 
ts ii mothers born in 
errdd to only pennatai 
inv peural tube defects 
ted by prenatal 
fdmen; may opt for 
hen found to have 
ies may not reflect 
ube defects. Asian 
heir antenatal care,' 
gh coninbuuon of 
ai mortaiiry: second 
railabie to a relauveiy 
men. Furthermore, 
iregnancy, unaccept- 
r e have investigated 
tube defects by 
fetuses detected by 
loeraDhy.as well as 
penod. We have 
lat may be unpor- 
lfferences in the 

ultrasonography 
1 labour registers,, 
y, 1980 until the 
, district, general 


hospital to ascertain all fetuses! stillbirths, and 
neonates with a neuraJ'tube defect. The maiemaL 


I to determine the date of 
if andwheman ultra-- 
i and iwrteiher a termina- 


notes were then inspected 
booking for antenatal cari 
sound scan was performec 
uon of pregnancy- was offi red. 11 

In the Pakistani popuia dan therd were 11 neural 
tube defects in a totali c f 3777 births (2-91 per 
1000); there were 32 neu al rube daects in 2S 834 
births to white women (1 11 per il000) (table). 


Incidence of neural mbe del 
i onne and Pakistani toermeri 


[ecu m rVnuei and babies of 

/9$0-7 


Deiecled by routine uhnuounp u 
Prefniacv lemunaied 
Preynincv coaunaetJ 
Notoeiecied bv routine icon | 
Scan not available 
Not detected bv scan 
Boo*ed ioo Ute for scan 
Did not attend for scam 


Total neuraJ mix defects 
Total binhs 

Incidence per 1000 bulbs 


23:S_«' \ 3 777 

1-11! I 2-911 


Rouune examination w th ultrasound : wasl intro¬ 
duced only in 1984 and ; lence was not available to 
many of the women included in this studn The 
incidence of neural tub< 1 defects in the Pakistani 
population was sigmficar ily higher than that th the 


white DOpulauan ip=0 
tailed test: reiauve nsl 


|013, Fisher’s exact\ two 
2*62. 95*V conhdince 


mien-al 1 19 to 5-34). Cine woman in each group 
booked too laic for romuje prenatal screening, And 
one Pakistani woman failed to attend for the scin. 

but it is of note that the 
hese women booked wks 


These numbers are smal|. 
mean gestation at which 
IS-2 weeks in the Pakistani group as oompard 


wuh 14-3 weeks in the w 
Six of the 1J Asian 
defects were bom io wom^i 
marriage. 

We have shown that 
incidence of neural tube 
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t ere ts a real increased 
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Humble, C., Croft, J., Gerber, A., Casper, M., Hames, C.G. and 
Tyroler, H.A., "Passive Smoking and 20-Year Cardiovascular Disease 
Mortality among Nonsmoking Wives, Evans County, Georgia," American 
Journal of Public Health 80(5): 599-601, 1990. 

This report stems from a prospective 20-year follow-up 
of a group of rural women, both blacks and whites, in Evans County, 
Georgia. The 1990 Humble, et al. report specifically followed-up 
328 white and 185 black women who had never smoked and whose 
husbands also either never smoked or were current smokers. 
Determination of the smoking status of both the wives and their 
spouses was assessed at baseline in 1960. The primary endpoint 
was the broad category of cardiovascular disease (CVD) mortality. 
During the 20-year follow-up, 147 deaths occurred, 76 of which 
were attributed to CVD. After controlling for age, cholesterol, 
blood pressure and body mass, a relative CVD risk of 1.59 was 
reported for nonsmoking women married to smokers compared to women 
married to nonsmokers. A relative risk of 1.39 was reported 1 for 
all cause mortality. Neither value was statistically significant. 

Criticisms 

1. The women's smoking status was determined in 1960. 
Although some data on smoking status were available from 1967, 
important changes in smoking could nevertheless have occurred during 
the 20-year follow-up. Some indication of this is from the authors' 
acknowledgement that 25% of the husbands who reported smoking in 
1960 had changed their smoking status by 1967. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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2. No data were available for remarriage, and this may 
have influenced the exposure status of the wives. This possibility 
was acknowledged by the authors. 


We lack data to examine whether exposure status 
changed during follow-up due to remarriage. 

(p. 600) 

3. Especially because this is a quite recent article, 
i. 'c is notable that the authors stated in their introductory comments 
that research up to that time had failed to demonstrate a clear 
relationship of ETS exposure with heart disease. 


. . . the risk for all CVD mortality associated 
with passive smoking among non-smokers has not 
been previously investigated. Recent studies 
of risks for coronary heart disease, stroke, 
or all cause mortality associated with passive 
smoking generally have reported weak and/or 
statistically nonsignificant results, (p. 599) 

4. Data were presented separately for blacks, high 

social status whites and low social status whites. For none of 

these individual groups was a statistically significant relationship 

reported between spousal smoking habits and cardiovascular disease 

mortality. Even when all of the groups were considered together, 

any possible relationship between ETS exposure and total CVD 

mortality- did not reach statistical significance. 


5. When only those causes of death which the authors 
considered to be "smoking-related" were considered, then there was 
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still no statistically significant relationship reported, either 
when considering any of the subgroups or all subjects together. 

6. Any possible relationship between ETS exposure and 
CVD mortality is high questionable, because it appeared to take 
opposite directions, depending on the social status of the subjects. 
In particular, in high social status whites exposed to ETS, the 
reported relative risk for CVD was elevated. On the other hand, 
in low social status whites, this relative risk was reportedly 
lower. It bear noting, however, that no statistical significant 
was reported concerning these observations. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Passive Smoking and 20-Year Cardiovascular Disease Mortality among 
Nonsmoking Wives, Evans County, Georgia 

Charles Humble, MS, Janet Croft, MPH, Ann Gerber, MSPH, Michele Casper, MSPH, 

Curtis G. Hames, MD, and Herman A. Tyroler, MD 


Abstract: The association of passive smoking and cardiovascular 
disease (CVD) mortality was assessed in a cohort of 313 rural, 
married Black and White women who were disease-free and self- 
described as never-smokers at baseline in 1960. Over a 20-year 
period. 76 of 147 total deaths were attributed to CVD. Relative risk 
estimates adjusted for age. cholesterol, blood pressure, and body 
mass from proportional hazards models were 1.59 for CVD (95% Cl 
« 0.99,257) and 1.39 (Cl * 0.99, 1.94) for all cause mortality among 
women with husbands who smoked cigarettes. (Am J Public Health 
1990; 80:599—601.) 


introduction 

Cardiovascular diseases account for about one-half of all 
deaths in the United Slates annually. 1 Although active smok¬ 
ing is well-established as a CVD risk factor, 2 the risk for all 
CVD mortality associated with passive smoking among non- 
smokers has not been previously investigated. Recent studies 
of risks for coronary' heart disease, 3 - 8 stroke, 4 * 5 or all cause 
mortality 7 - 9 * 10 associated with passive smoking generally have 
reported weak and/or statistically nonsignificant results. 

The 20-year mortality experience of nonsmoking women 
in Evans County . Georgia was used to assess the associat ion 
of passive smoking with CVD and all cause mortality. This is 
the first report that includes data on both Blacks and Whites 
and on the consistency of self-reported smoking behaviors 
over time. 

Methods 

In 1960—61, 92 percent of all!residents ages 40-74 years 
and a 50 percent sample of individuals ages 15-39 years in 
Evans County, Georgia participated in a cardiovascular 
disease study that included risk factor measurements, com¬ 
plete physical examinations, and a demographic and medical 
history interview. 11 Detailed descriptions of the Evans 
County study design and the 20-year mortality follow-up of 
the cohort have been reported elsewhere . iun At baseline, 
554 (82 percent) White and 389 (83 percent) Black women. 


Address questions or rtprini reqyesH to H.A Tyroler^ Department of 
Epidemiology. Rosenau HallCB #7400. University of Nbrth Carolina. Chapel 
Hill. NC 27599. Mr L Humble, Ms. Croft, Ms. Gerber and Ms. Casper are 
cardiovascular disease trainees in that Department. Dr. Himes is principal 
investigator with the Evans County Heart Study. Harnes s Clime. Claxton, 
GA. This paper, submitted to the Journal June 12. 1989. was revised and 
accepted for publication October 30, 1989. 
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among a total of the 1,127 women ages 40-74, reported that 
they had never smoked The present study was restricted to 
the 328 White women and 185 Black older womeni who had! 
never smoked and were married to male examinees who 
reported they either had never smoked or were cuneni 
smokers at baseline. Women married to ex-smokers were 
excluded from the analyses as the probability for misclassi- 
fication of these subjects' own smoking habits and those of 
their husbands was judged to be higher than for spouses of 
never smokers. 14 A second survey of study subjects in. 1967 
provides data on the stability of reported: smoking status. 

Vital status was determined as of May 1. 1980. Under¬ 
lying cause of death was abstracted from death certificates 
with codes 390-456 (1CD 8th Revision) defining CVD; All! 
CVD mortality was chosen as an endpoint given the limita¬ 
tions of death certificate data and the small number of deaths 
attributed to each specific CVD entity. 13 Three subjects who 
did not have follow-up information!were excluded. 

Analyses for White women were stratified by social! 
status because of its inverse relationship with smoking status 
and CVD mortality in this cohort. ,iV White women were 
divided into high social status and low social status groups 
based on the median of the McGuire-White index of social! 
status for alii Evans County Whites. This index, based oni 
occupation, level of education, and source of income of the 
head of household, was developed for use inrural settings. 15 
Since only 5 percent of the Bl^ck women in the Evans County 
population had a social status score above the median for 
Whites, Blocks were not stratified by social status. Exposure 
to passive smoking was defined by husband's smoking status 
(current, never) at the lime of the baseline interview. 

Mean baseline characteristics by passive smoke expo¬ 
sure were compared using t-tests. Cox proportional hazards 
models 18 were used to estimate the association; of passive 
smoking with lime to all CVD. smoking-related CVD; and all 
cause mortality in this population while adjusting for age 
alone and forage, systolic blood pressure. serum cholesterol, 
body mass index (BMI), and a quadratic term for BM1, 
Relative risks (RR) and 95% confidence intervals (Cl)were 
calculated using the SAS proportional hazards (PHGLM)' 
modeling procedures , n and the statistical significance of 
trends was tested using a method proposed by Rothman. 19 
Constancy of the relative risks over time was verified before 
the proportional hazards were modeled!. 

Results 

Among nonsmoking married womens there were 179 (55 
percent) of 328 White women and 117 (63 percent) ofi 185 
Black women whose husbands reported current cigarette 
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TABLE t-Mun and Standard Error of Baaatina Characteristics by Fatah* Smoking Sums of Nonsmoking 
Wlvst, Agee 40-74 Year*, Evans County, Georgia, 1060-61 




White Women 


Btack Women 

High Social Status* 

Low Social Status' 

Exposed 

Unexposed 

Exposed 

Unaxpoeed 

Exposed 

Unexposed 

N 

(78) 

(63) 

(101) 

(66) 

(117) 

(68) 

Age 

51.9 2: 1.0 

54.9 2 0.9 

52.1 r 0.8 

53 .9 2 0 9 

50.3 £ 0.7 

55.5 2 1.0 

Systolic Pressure 

145.5 2 3.1 

150.6 2 2.9 

151.6 2 2.9 

157.6 2 4 .3 

170.6 2 3.4 

176.5 2 5.0 

Di&stoiic Pressure 

88 4 2 1.6 

90.6 2 1 4 

92.2 2 1:3 

93.1 2 1.7 

103.1 2 1.9 

103.9 2 2.5 

Serum Cholesterol 

231.9 2 4.9 

237.5 2 4.5 

227.0 ± 4.4 

235 7 2 7.3 

216.5 2 3.9 

216,2 2 4.6 

Body Mass Index 

26.3 2 0.6 

26 4 2 0.6 

27.0 2 0.5 

26.6 2 0.9 

292 2 0.6 

30.0 2 0.9 


’ Si—d cr\ in* ma&an ol MeGu*«-WMa loortt lor a* WNto s ubl ets 


smoking behavior. Among both Black and White women 
there were no statistically significant (p <0.05) differences by 
passive smoking status for systolic or diastolic blood pres¬ 
sure, serum cholesterol or body mass (Table I). However, 
passively exposed Black women and high social status White 
women were younger on average than nonexposed wives by 
5:2 years (95% Cl = 3*0. 7.6) and 3.0 years (95% Cl = 0.3, 
5:5), respectively. For all Whites combined, nonexposed 
women were also more likely to be above the median SES 
(socioeconomic status) Ifcvel than passively exposed women 
(55.7 percent vs 43.6 percent). 

Comparison of self-reported smoking status in 1960 and 
1967 showed 98 percent of wives again reported themselves 
as never having smoked in 1967. Similarly, 98 percent of 
never smoking husbands maintained their reported status in 
1967 while 25 percent of husbands who smoked in 1960 
described themselves as nonrsmokers in 1967. 

Age-adjusted RRs for all CVD, smoking-related CVD, and 
all cause mortality among passively exposed wives were ele¬ 
vated in Blacks and high social status Whites and for all subjects 
combined (Table 2). The opposite relationship of mortality with 
passive smoking status was found for low social status White 
women. Adjustment for other established CVD risk factors 
(blbod pressure, cholesterol, and BMI) generally caused mod¬ 
est elevations of the risk estimates (Table 3) but as with the 
age-adjusted estimates, the confidence intervals for all subject 
groups included unity. A trend in risk over level of husband's 
smoking as reported in 1960 was only seen among high social 
status Whites; RRs for both total and smoking-related CVD 
mortality among wives whose husbands smoked <10; 10-20, 

TABLE 2~Age-adjusted Relstlv* Risks and 95%Confidant* Intervals for 
Total ICVD, Smoking-related* CVD, and All-Cauaa Mortality for 
Wives Exposed to Passive Smoka In Evans County, Georgia, 
1960-60 


White* 


of Death 

Subjects 

Blacks 

HSS* 

LSS** 

CVD Total 

RR 

134 

1.69 

1 66 

0 60 

Smokmg* 

95% Cl 

0,84, 221 

0.83, 3 46 

0.64, 4.32 

027, 1.34 

related 

RR 

1.29 

1.57 

1.67 

0.61 


95% Cl 

0.79. 2.10 

0.73. 337 

0.64,4.36 

025. 1.47 

All causa 

RR 

1.31 

1.34 

1.60 

0.72 


95% Cl: 

0 95, 1.82 

0.79. 2.28 

0.94, 3.47 

0.41, 127 


*ICOS coon 41CMS6 
*H*gh aoo*i status 
’Llow aooat status 


TABLE 3—Relative Rieka* and 95% Confidence Intarvala for Total CVD; 

Smoking-related* CVD, and All Cauaa Mortality for Wivaa 
Exposed to Passive Smoka In Evana County, Georgia, 1960-60 


Cause of Death 

AD Subjects 

Blacks 

Whites 

HSS** LSS“ 

CVD Total 

RR 

1.59 

1.78 

T.97 

0.79 

Smoking- 

95% Cl 

0.99, 2.57 

0 86, 3.71 

0.72, 5.34 

0j32. 1.96 

related 

RR 

1.54 

1.66 

1.97 

0.82 


95% Cl 

0.93, 2.55 

0.76. 3.71 

0.72, 5.34 

031,2.15 

All cause 

RR 

1.39 

1:33 

1.97 

0.87 


95% Cl 

0.99, 1.94 

0.78, 2.28 

1.00, 3.90 

0:48. 1.59 


•Hazards rsiot adjusted tor ags Ousted txoofl pressure. total Hamm cho*est*rcl. boOy 
mas* mo*i (BMl - kg/meter*). and BMf* 

*ICD4 codes 410-456 
* * High aocaaJ status 
'Low social status 

and > 20 cigarettes per day as compared to wives of nonsmokers 
were 1.02, 2.11, and 2.55, respectively (p for trend <0.06): A 
marginally significant (p <0.09) trend in risk for all CVD and 
smoking-related CVD over crude levels of duration of exposure 
was also apparent only among high social status White women. 

Discussion 

These data suggest an elevation of risk for death from 
CVD and all causes among non-smoking married women 
whose husbands described themselves as current smokers at 
the beginning of a 20-year follow-up period. Our findings for 
Blacks are the first report associating CVD with passive 
smoking in this racial group. Our observations that social 
status may modify the effect of passive smoke exposure may 
be due to chance, but a similar pattern of results for coronary 
heart disease (CHD) has been reported in other studies of 
passive smoking, Nonsignificant (p >0.05) two-fold RRs for 
CHD among passive smokers were reported from studies of 
middle-class and upper-middlb-class women 6 and men 7 while 
CHD risk was significantly but more modestly increased (RR 
«= 1.2) among a much larger sample of predominantly blue 
collar Washington County, Maryland women. 1 No increased 
risk for CHD was reported among public hospital patients 
whose husbands smoked in four British hospital regions. 5 

It is unlikely that these results can be explained by a 
change in smoking habits since the minimum age of these 
women in 1960 was 40. We lack data to examine whether 
exposure status changed during follow-up due to remarriage. 
The absence of elevated risk among exposed k>w social status 
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White women may reflect a failure of our passive exposure 
} index to measure exposure within the lower social stratum. 
Power to test for small differences in effect of passive 
smoking by race or social standing was lacking as were data 
to evaluate the role of other variables such as alcohol use or 
physical activity . Taken together with the results of previous 
studies** 4 - 10 and laboratory results suggesting that passive 
smoke exposure causes decreases in energy production in the 
mitochondria of heart muscle 20 and increased platelet aggre- 
gabiiity in nonsmokers, 21 our results support the health 
hazards of exposure to passive smoke. 20 
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Community Impact of a Localized Smoking Cessation Contest 

Harry A. Lando, PhD, Barbara Loken, PhD, Beth Howard-Pitney, PhD, and Terry Pechacek, PhD 


Abstract: The present study assessed the effectiveness of a locals 
ized community contest timed to coincide with a statewide smoking 
cessation contest* Follow-up interviews were conducted with 218 local 
contest participants and 198 participants from the statewide contest. 
Overall cessation impact (participation rate x abstinence) was 0.39 
percent for the Ideal contest and 0.09 percent for the statewide contest. 
Localized community contests offered in conjunction with statewide or 
national campaigns may represent cost-effective methods of reaching 
large numbers of smokers. (Am J Public Health 1990;80:601-603.) 


Introduction 

Contests to promote smoking cessation appear to rep¬ 
resent cost-effective means of producing quit attempts in 
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community settings.Quit smoking contests have been, 
offered on a number of occasions as pan of the smoking 
intervention in the Minnesota Heart Health Program 
(MHHP), a 10-year research and demonstration project 
intended to reduce the prevalence of heart disease. 4 - 5 

Several smoking cessation contests have been timed to 
coincide with the Great American Smokeout conducted 
annually by the American Cancer Society (referred to as 
“D-Day" in Minnesota). The present study examined contest 
participation and outcome for samples of Twin Cities area 
residents in the 1984 Minnesota D-Day contest. Participants 
from one of the intervention communities (Bloomington) 
were compared with a random sample of those from other. 
Minneapolis suburbs (not within the immediate Bloomingtoni 
area). It was hypothesized that the overall! impact of a 
contest, measured by participation and abstinence outcome, 
offered in conjunction with specific localized community 
recruitment and prizes would be greater than that of the 
statewide contest alone. 

Method 

Subjects were recruited for a statewide D-Day contest 
during the Fall of 1984. Recruitment began August 25, 1984 
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Lee, P.N. , Chamberlain, J. and Alderson, M.R., "Relationship of 
Passive Smoking to Risk of Lung Cancer and Other Smoking- 
Associated Diseases," British Journal of Cancer 54: 97-105, 1986. 

Lee, et al. performed a hospital-based case-control study 
in England that was initially designed to examine disease risk in 
relation to cigarette smoking. However, as the study progressed, 
it was also decided to collect information on ETS exposure, the 
primary estimate of which was based on spousal smoking habits. 
However, questions were also asked about other possible ETS exposure 
sources (at home, at work, during daily travel, and during leisure 
time) from which a combined index was estimated. 

The cases were hospital patients who had diagnoses of 
either lung cancer, chronic bronchitis, ischemic heart disease or 
stroke. The controls were hospital patients without these diseases 
and were matched to cases on the basis of sex, age, and several 
other variables. 

Lee, et al. reported that ETS exposure was not 
statistically related to ischemic heart disease, nor to any of the 
three other diseases considered in the study (lung cancer, chronic 
bronchitis, and stroke). It was concluded that any potential risk 
of ETS "is at most small, and may not exist at all." The authors 
discuss several limitations with previous studies of ETS. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Criticisms 


1. For neither males nor females, no statistically 
significant relationship of ETS exposure with heart disease was 
reported. 

2. The authors characterized their data as not 
indicating an increased disease risk associated with ETS. 

3. The authors note several major flaws in conclusions 
from previous studies of ETS and disease risk. These flaws relate 
to low levels of ETS to which nonsmokers are exposed, unreliable 
exposure data, misclassification of smoking status, and specific 
scientific criticisms of individual studies. 

4. The sample size was very small. 

5. This was a case-control study and suffers from common 
problems with such studies, including difficulties in establishing 
appropriate groups and controlling for potential confounding 
variables. 


j 
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Relationship of passive smoking to risk of lung cancer and 
other smokins-associated diseases 
P.N. Lee,* J. Chamberlain & M.R. Aldersonf 

Institute of Cancer Research. Clifton Road. Belmont. Surrey. UK. 

$unun»rj In the Utter p»n of a large h«p<ut case-control study of the relkuomhip of type of atretic 
smoked to rai of various smoking-associated diseases, patients insvered questions on the smoking hahiU of 
ihcir first spouse and on the extent of passive smoke exposure at home, at work, dunng travel and dbnng 
leisure In an extension of this study an attempt was made to obtain smoking habit data directly from the 
spouses of all lifelong non-smoking lung cancer cases and of two lifelong non-smoking matched controls for 
each case The attempt was made regardless of whether the patients had answered passive smoking questions 
in hospital or not. 

Amongst lifelong non-smokers, passive smoking was not associated with any significant increase in risk of 
lung cancer, chrome bronchitis, achaemic heart disease or stroke in any analysis. 

Limitations of past studies on passive smoking arc discussed and the need for funher. research underlined. 
From aJI the available evidence, it appears that any e/Tecti of passive smoke on risk of any of the mayor 
diseases that have been associated with active smoking is at most smalt and may not exist at all. 


Study of hospital in-patients 

In 1977 a large hospital case-control was initiated 
to study the relationship of the type of cigarette 
smoked to risk of lung cancer, chronic bronchitis, 
ischaemic beau disease and stroke. This study was 
earned out in 10 hospiial regions in England; 
interviewing ended in January 1982. The original 
questionnaire did not include questions on passive 
smoking as it was not considered an important 
issue in 1977. However, in 1979 it was decided to 
extend the questionnaire to cover passive smoking 
for mamed patients for the Iasi four regions to 
begin interviewing Subsequently, in 1981. following 
publication of the papers by Kira yama (1981) and 
by Tnchopoulos et al: (1981) claiming. that non¬ 
smoking wives of smokers had a significantly 
greater nsk of lung cancer than non-smoking wives 
of non-smokers, it was decided to increase the 
number of interviews of mamed lung cancer cases 
and controls. The extended questionnaire was then 
administered to these patients in all hospitals where 
interviewing was still continuing. 

Follow-up study of spouses of non-smokm% hospital 
in-patients 

In 1982. after interviewing of hospital in-patients 
had been completed, it was decided to carry out a 
foiJow-up study. In this study, an attempt was 
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made to interview the spouses of all of the married 
Hospital ip-panents with Itmg cancer who reported 
never having smoked, as well as of two married 
non-smoking controls for each of these index lung 
cancer cases. The follow-up study was intended 
partly to compare information on spouses' smoking 
habits obtained first-hand with that obtained 
second-hand dunng ihc in-patient interviews, and • 
partly to obtain some data on spouses’ smoking 
habits for those patients who had not answered 
passive smoking questions in hospital. 

This paper concentrates solely on the issue of 
passive smoking in lifelong non-smokers. Results 
relating to type of cigarette smoked arc described 
ehewhere (Aldcrson et aL. 1985), while a detailed 
report' available on request from PNL. considers 
the overall findings from this case-control study. 


For each of the 4 index diagnoses (lung cancer 
chronic bronchitis, ischaemic heart disease and 
stroke). Ihc intention was to interview 200 eases 
and 200 matched controls in each of the eight 
sex/age ceils (i.c. male or female, and aged 35-^W; 
45-54, 55-64 or 65-74) This gave a target of 
12.800 patients, though for some categories (eg: 
young female chrome bronchilics): this would be 
unattainable. Patients were selected from medical 
(including chest medicine), thoracic surgery, and 
radiotherapy wards. Controls were patients without 
one of Ihc four index diagnoses, individually 
matched to cases on sex, age. hospital region and. 

The Macmillan Pres* Udi. 1986 


Methods and response 
Study of hospital in-patients 
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when possible, hospital I ward and time of interview. 
Subsequently, when final discharge diagnoses 
became available, they were used to reallocate eases 
and control as necessary. Patients without a final 
diagnosis kept their provisional diagnosis. Where 
changes in case-control status occurred, patients 
were regrouped into new case-control pairs as 
appropriate. With the assistance of Sir Richard 
Doll and Mr Richard Pete* non-tndex diagnoses 
were classified as follows: 

class IA ‘definitely not smoking associated' 
class I B ‘probably not smoking associated* 
class 2A ‘probably smoking associated’ 
class 2B ‘definitely smoking associated' 

Controls with no final diagnosis were considered 
class IB Overall, there were 12,693 interviews 
carried out which resulted in 4,950 pairs with class 
I controls and 730 p 2 irs with class 2 controls. 

There were 3.832 interviews of married eases and 
controls where the passive smoking questionnaire 
was completed In order to avoid substantial loss of 
data, due to one member of a pair not being 
married or not completing the passive smoking 
questionnaire, it was decided to ignore matching 
when analysing the passive smoking data and to 
compare each index group with the combined 
controls Numbers by sex and case-control status 
are given in Table It 


Table I Number* cf married hospital in-patients 
completing passive smoking questionnaires 



Male 

Female 

Total 

Lung unixr 

M7 

245 

792 

Chrome bronchitis 

182 

84 

266 

Ischaemic bean disease 

286 

221 

507 

Stroke 

161 

137 

298 

Controls 

Class 1A and 1B* 

139 

713 

U52 

Oass 2A and 2B* 

268 

149 

417 

Total 

2283 

1.549 

3,832 


•Other disease* were classified by degree of smoking 
association - class IA definitely not, class IB. probably 
not. class 2A probably, class 2B definitely 


In the passive smosing pan of the questionnaire, 
patients were asked when the marriage started; if 
and when it had ended; the number of 
manufactured cigarettes per day smoked by the 
spouse both during the last 12 months of marriage 
and also at the period of maximum smoking during 
the marriage; and whether the spouse ever regularly 
smoked hand-rolled cigarettes, agars or a pipe 
during the marriage For second or subsequent 
marriages, questions related to the first marriage to 


give the longest blent interval! between exposure 
and disease onseti The patients were also askedi to 
quantify, according to a fourrpoint scale (a lot. 
average, a little, not at all), the extent to which they 
were regularly exposed to tobacco smoke from 
other people prior to coming into hospital in 4 
situations at home, al work; dunnp daily travel; 
during leisure lime In the main questionnaire, 
detailed questions were asked on smoking habits 
and on a whole range of possible confounding 
variables. 

Folio*-up study of spouses of non-smoking hospital 
in-patients 

From the hospital study there were 56 lung cancer 
eases who reported being lifelong non-smokers, 
who were mamed at the time of interview and who 
were not known to have been married previously, 
In a follow-up to the mam study, an attempt was 
made to interview the spouses of these 56 eases and 
also the spouses of two life-long non-smoking 
controls for each case, individually matched for sex, 
manta! status and 10-year age group andi as far as 
possible, hospital Where multiple potential controls 
in the same hospital were available, those 
interviewed nearest in lime to the case were 
selected Where suitable controls in the same 
hospital were not available, those in the nearest' 
hospital were chosen. 

Because names and addresses of the patients were 
not recorded in the hospital study, n was necessary 
to go back to the hospital both to obtain this 
information and also to get permission to interview 
their spouses. Following some refusals both by the 
hospital and by the spouses, successful interviews 
were obtained from spouses of 34 eases (10 wives 
andi 24 husbands) and 80 controls (26 wives and 54 
husbands) whose condition was definitely or 
probably not related to smoking 

Interviewing was carried out between July 1982 
andi August 1983* The spouses were asked about 
their consumption of manufactured cigarettes, 
cigars and pipes (a) nowadays, (b) during the year 
of admission of the patient or (c) maximum during 
the whole of the marriage The spouses were not 
asked about the smoking habits of the index 
patient The spouses were also asked questions on 
age, occupation, social class and a range of other 
potential confounding factors. 

Statistieai methods 

The statistical methods are based on classical 
procedures for analysis of grouped data derived 
from case-control studies (Breslow & Day. 1980) 
In general, the material has been examined as a 
2 x A * 5 table, with A representing the levels of the 
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risk factor of* interest and S the number of strata 
used to take account of potential confoundcrv 
Results presented are for the combined strata and 
show the relative nsk (Mantcl-Hacnszcl estimate) 
together with the significance of its difference from 
a base level (risk 10). and/or the dosc-rclaicd trend 
In analyses *of the data collected in hospital, 
comparisons are made between cases with a 
particular index disease and all the controls with 
diseases definitely or probably not related to 
smoking Six simple indices of passive smoke 
exposure were considered in these latter analyses, 
(iHiv) exposure at home, ai work, during travel, 
during leisure. <v) spouse smoking manufactured 
cigarettes in the bst 12 months, and (vi) spouse 
smoking manufactured cigarettes in the whole of 
the marriage Bases for (ti) are reduced as no! all 
patients worked; In addition, a combined index of 
passive smoke exposure was calculated by the 
unweighted sum of the four individual exposure 
indices (iHi v ). counting ‘not at all' as 0, ‘little* as 
1, ‘average’ as 2 and *a lot* as 3. 

Results 
Lung cancer 

The follow-up study concerned 56 lung cancer eases 
and 112 matched controls who reported never 


having smoked in their hospital interview Of these, 
there were 47 eases (15 male and 32 female) and 96 
controls (30 male and 66 female) for whom some 
information on smoking habits of their spouses was 
availably. Of these 143 patients, information on 
spouse smoking was available both from the spouse 
and from the patient for 59 <4I V*). from the spouse 
only for 55 (38%) and from the patient only for 29 
(20%) Table II shows the estimated age-adjusted 
relative risk of lung cancer in relation to spouse 
smoking dunng the w hole of the marriage,, by sex. 
source of data, and penod of smoking None of the 
9 relative nsks shown in the table are statistically 
significant. When data for both sexes and both 
sources arc considered, the estimated relative risks 
in relation to spouse smoking are dose to I (li.IT). 
For individual sexes or sources, where numbers of 
cases and controls are smaller, relative risks vary 
more from unity, but no consistent pattern is 
evident. Similar conclusions were reached; when 
analyses were based on smoking during the year of 
hospital interview. Here, the overalll relative risk 
was again close to I (0.93 with limits 0.41-2.09). 

Table III summarises concordance between 
spouse’s manufactured cigarette smoking habits as 
reported directly and indirectly for the 59 patients 
with: data from both sources Discrepancies were 
seen for 9 spouses (15%) in respect of smoking at 
some time during marriage and in the ease of 2 


Table 11 Relationship beiwcen spouse's manufactured cigarette smoking dunng 
the whole of the marriage and nsk of lung cancer among lifelong non-smokers 
(standardised for age) 


r_ , -j 

Spouse did 
not smoke 

Spouse smoked 

Relative risk 
(95\ /imiis) 

oex of 
patient 

Cases Control s* 

Cases Controls* 


Bawd on m/rrnoo of the spouse in follnm-up study {114 patients) 


Male 5 13 

5 

13 

1.01 (0.23-4 41) 

Femak 5 16 

19 

38 

1.6O|0 44-5.78) 

Combined 10 29 

24 

51 

U3(0 50 J 4fc) 

Based on internet's of the index patient 

in,hospital (M 

patients) 


Male 7 15 

5 

7 

1.53(0.37-6.34) 

Female 9 17 

8 

20 

0 75(024-2 40) 

Combined 16 32 

13 

27 

1.00(041-2 44) 

Based on turth sources of information \J4J patients)* 
Male 7 16 8 

14 

1.30(038-4.39) 

Female 10 21 

22 

45 

1.00(0.37-2 71) 

Combined 17 37 ~ 

30 

59 

1.11(0 51-2.39) 


*Unl> controls included in follow-up study considered; *ln this analysis the 
spouse was counted as a smoker if rrponed to be so either directly, by the spouse 
during folio*-up interview, or. indirectly, by the patient in hospital Note that the 
59 patients for whom information on spouse smoking was available from both 
sources are induded in all 3 analyses. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


2023511808 



100 p N LfT rial 


T»Wf 111 Concordance heiwecn spouse's manufactured cigarette smoking habits as reported 

directly and indirectly 


Sex of patient jease control aw us 
Male Female 



Cases 

Controls 

Cases 

Controls 

Total 

Spouse a smoker so me lime in 
marriage according lev 

Subject and spouse 

2 

6 

5 

13 

26 

Only subject 

1 

0 

0 

3 

4 

Only spouse 

1 

1 

3 

0 

5 

Neither 

3 

II 

1 

9 

24 

% subject/spouse agreement 

71% 

94% 

*7% 

88% 

85% 

Spouse a smoker during year of 
hospital mierview according to: 
Subject and spouse 

1 

6 

2 

4 

13 

Only subject 

0 

0 

0 

1 

1 

Only spouse 

I 

0 

0 

0 

I 

Neither 

5 

12 

7 

20 

44 

% subjecl/spouse agreement 86% 


100% 

100% 

96% 

97% 


spouses (3%) in respect of smoking during ihc year 
of hospital interview There was no consistent 
pattern in the direction of discrepancy 

Table IV summarises the results of analyses 
carried out relating 7 indices of passive smoke 
exposure recorded in the hospital interviews to risk 
of lung cancer among lifelong non-smokers. Here 
the controls used for comparison arc all never 
smoking patients with diseases classified as 
definitely or probably not associated with smoking 
who completed the passive smoking questionnaire. 

Overall the results showed no evidence of an 
effect of passive smoking on lung cancer incidence 
among lifelong non-smokers In male patients, 
relative risks were increased for some of the indices 
but numbers of eases were small and none of the 
differences approached statistical significance. In 
females, where numbers of eases were larger, such 
trends as existed tended to be negative and indeed 
were marginally significantly negative (Pc0.05) for 
passive smoking during travel and during leisure. 
For the combined sexes no differences or trends 
were statistically significant at the 95% confidence 
level; such trends as existed lending to be slightly 
negative. The relative risk in relation to the spouse 
smoking during the whole of the marriage was 
estimated to be 0.80 for the sexes combined, with 
95% confidence limits of 0.43 to 1.50 
Standardisation for working in a dusty yob, the 
variable apart from smoking found to have the 
strongest association with Jung cancer risk in the 
analyses described in Alderson era /. (1985). did not 


affect the conclusion that passive smoking was not 
associated with risk of lung cancer among never 
smokers in our study 


Chronic bronchitis, ischaemic heart disease and stroke 

Analyses similar to that shown in Table IV for lung 
cancer were also carried out for. chronic bronchitis, 
ischaemic heart disease and stroke Illustrative 
results for two of the indices are presented in 
Table V. 

No significant relationship of any index of 
passive smoking to risk of the 3 diseases was seen. 
For the sexes combined, the relative risk in relation 
to the spouse smoking during the whole of the 
marriage was 0.83 for chronic bronchitis (95% 
confidence limits 0.31-2.20), 1.03 for ischaemic 
bean disease (limits 0.65-1.62) and 0.90 for stroke 
(limits 0.53-1.52) For stroke there was, in both 
sexes, an approximate 2-fold increase in risk for 
patients with a combined passive smoke index that 
was high (score of 5 to 12) compared with those 
where it was low (score of 0 or I) However, 
numbers of eases with a high score were low (14 
males and 7 females) and even for the sexes 
combined, the relative risk estimate of 2 18 was not 
statistically significant (Limits 0.86^5.48) In 
interpreting this finding, it should be noted that 
active smoking was not found to be clearly related 
to stroke in the main study (Alderson et al, 1985), 
rendering a two-fold increase in relation to passive 
smoking a priori unlikely. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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Table fV Relationship between various indices of passive smoke exposure and nsk of long cancer among lifelbng- non* 
smokers tuandardiscd for age and. for spouse smoking, whether the marnagr »ja ongoing or ended) 


Pass nr smoke 


Mole pattrnn 



Female patients 

Sexes cnmJxrvd 

expo surr 

tndex/level 

Ca\e 

s Controls 

A 

Cases 

Controls 

R 

Coses 

Cmirofi 

R 

At home 

Not at all 

9 

101 

1 

21 

192 

1 

30 

293 

1 

Linle 

2 

21 

122 

6 

65 

092 

8 

86 

09K 

Average/a lot 

\ 

It 

Ml 

5 

61 

0.81 

6 

72 

086 

A] work 

Not at all 

3 

40 

1 

12 

113 

1 

! 5 

153 

1 

Lillie 

6 

29 

3.24 

3 

26 

1.18 

9 

55 

1 82 

Average^ lot 

1 

29 

0 46 

0 

19 

00 

I 

48 

0.19 

Dunng travel 

Not at alt 

8 

101 

1 

28 

238 

1 

36 

339 

1 

Little 

3 

16 

2.06 

2 

51 

0.33 

5 

67 

064 

Average/a lot 

0 

13 

000 

0 

13 

000 

Trend 

(negative) 

P < 0.05 

0 

26 

000 

Dunng leisure 

Nol at all 

3 

45 

1 

15 

116 

1 

18 

161 

1 

Little 

4 

48 

1 12 

14 

107 

105 

18 

155 

1.06 

Average/a lot 

5 

39 

3.18 

2 

95 

0 IS 

Trend 
(negative) i 

P < 0 05 

7 

134 

0.S9 

Combined index* 

Score CM 

1 

27 

1 

10 

- 75 

t 

11 

102 

1 

Score 2-4 

7 

55 

434 

5 

61 

063 

12 

116 

1.08 

Score 5-12 2 

Spouse smoked man dgs in 

15 

last 12 months 

3.20 

0 

21 

0.00 

2 

36 

0.50 

No 

10 

105 

1 

20 

193 

1 

30 

298 

1 

Yes 2 

Spouse smoked man op in 

29 0.96 

whole of mamage 

11 

122 

0.76 

13 

151 

079 

No 

7 

93 

1 

13 

89 

1 

20 

182 

1 

Yes 

5 

40 

247 

19 

229 

055 

24 

269 

080 


•Based on sum of 0 * not at all. !;* ladle. 2 * average. 3*a lot for at home, at work, during travel, dunng tenure. 


Discussion 

Over the past 4 years there has been considerable 
research interest in the relationship between passive 
smoking and risk of lung cancer in nonsmokers. 
While some studies have claimed a positive effect 
(Hirayama. 1981. Triehopoulos rial.. 1981; Correa 
et mi. 1983; Carf.nkcli ft mi. 1985, Gillis rt mi:. 
1984. Knoth ft ml.. 1983). others (BufTler ft a!:. 
1984. Chan, 1982; Carfmkcl. 1981; Kibgt and 
Wyndcr. 19X4. Koo ft ml.. 1984) have found no 
signifies::: Rrbsivc risks of lung 

cancer for non-smoking women mamed to smokers 
compared to non-smoking women married to non- 
smokers range from somewhat over 2 in the 
Tnchopoulos and Correa studies to around 0.75 in 


the BufTler and Chan studies The weighted relative 
risk from these studies has been estimated by us as 
approximately 1.3. While there is, therefore, a 
tendency for a small positive association between 
passive smoking and lung cancer, recent reviews of 
these data (Lee, 19X4. Lehnert et ml"... 1984) have 
concluded that overall there is no reliable scientific 
evidence of a causal relationship between passive 
smoking and lung cancer. In these reviews a 
number of general points have been made 

First, dosimetric studies have shown that, in 
ciga ret ic-cquiva lent terms, passive smoking only 
results in a relatively small exposure to the non- 
smoker. Hugod et ml. (1978). for example, showed 
that even under quite extreme conditions the time 
taken for a non-smoker to inhale the equivalent of 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Tabie V Relationship between two indices of passive smoke eiposurt arxJ ml of chrome bronchitis, ischaemic heart 
disease and stroke amonp lifelong non-smokers (standardised for age and, for spouse smoking, whether the marnage was 

ongoing or ended) 


Pasxttr srmtkr 
exposure 
uulex/lrvcl 

- 

Molr patterns 



Female patients 


Sexes combined 

Cavs 

Controls 

R 

Cases 

Controls 

R 

Cases 

Controls 

R 

Chrome hrrmrhitts 










Combined index 4 










Score 0-1 

1 

27 

1 

7 

75 

1 

8 

102 

1 

Score 2-4 

2 

55 

0.83 

4 

61 

1.05 

6 

116 

100 

Score 5-12 

1 

15 

190 

1 

21 

1.03 

2 

36 

1.30 

Spouse smoked mart ags. in whole of marnage 







No 

8 

93 

1 

4 

89 

1 

12 

182 

1 

Yes 

1 

40 

034 

13 

229 

1.22 

14 

269 

0.83 

Inchon mr hrari dine one 









Combined index* 










Score 0-1 

15 

27 

I 

23 

75 

I 

38 

102 

1 

Score 2-4 

12 

55 

043 

9 

61 

059 

21 

116 

0 52 

Score 5- 12 

3 

15 

043 

4 

21 

0.81 

7 

36 

0 61 

Spouse smoked man 

rigs in whole of marriage 


- 





No 

26 

93 

1 

22 

89 

1 

48 

182 

1 

Yes 

15 

40 

1.24 

55 

229 

093 

70 

269 

1.03 

Stroke 










Combined index* 










Score 0-1 

5 

2? 

1 

19 

75 

1; 

24 

102 

1 

Score 2-4 

10 

55 

1.24 

10 

6) 

0 86 

20 

116 

097 

Score 5-12 

4 

15 

1.77 

7 

21 

244 

11 

36 

2.18 

Spouse smoked man 

rip in whole of marriage 







No 

18 

93 

1 

t9 

89 

1 

37 

182 

1 

Yes 

6 

40 

084 

49 

229 

092 

55 

269 

0.90 


'Based on sum of 0- not at all. I - link, 2* average. 3* a lot for at home, at work, during travelj dunng leisure 


one cigarette would be It hours as regards 
particulate mailer and 50 hours as regards nicoline. 
Similarly* Jarvis ft at (1985) have shown that the 
increase in salivary colininc in relation to passive 
smoke exposure is less than !% or that in relation 
to active smoke exposure. Extrapolating linearly 
from the 10-fold relative risk of lung cancer in 
relation to active smoking would therefore predict a 
relative risk in relation to passive smoking less than 
l.l. while a quadratic extrapolation, as suggested 
by Doll and Peto (1978) would predict a lower risk 
still. The conflict between the dose and the claimed 
response is particularly clear for the results of 
Hirayama (1981) who found a similar effect on 
lung cancer for passive smoking as for active 
smoking of 5 cigarettes a day 
Second, all the studies sufTer from weak exposure 
data, most studies only obtaining information on 
the spouse's smoking habits and none obtaining 
objective data by measurement of ambient levels of 
smoke constituents in the air of the home or 


workplace and/br of concentrations of constituents 
in body fluids. 

Third; no studies adequately take into account 
the possibility that misclassi Heat ion of active 
smokers as non-smokers may have consistently 
biased relative nsk estimates upward Active 
smokers have a high relative risk of Jung cancer 
and spouses' smoking habits arc positively 
correlated Because of this, it can be shown that if a 
relatively small proportion of smokers deny 
smoking, this results in an apparent elevation in 
risk of lung cancer in ‘non-smokers* married to 
smokers compared to 'non-smokers' married to 
non-smokers, even when no true effect of passive 
smoking exists A demonstration that this source of 
bias is of real importance can be found in the study 
of Garfmkel ft at. (1985) Based on unvaiidated 
smoking data taken from hospital notes, a relative 
risk of lung cancer in relation to husband's 
smoking at home of 1.66 was calculated, with 
relative risks of at least 1.3 seen in relation to each 
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level of husband's cigarette smoking and in relation 
lo husband's cigar and pipe smoking When 
additional sources of information on smoking 
habits were used, the overall relative risk was 
reduced to a marginally, significant 1.31 with an 
elevated risk only really discernible in relation to 
heavy cigarette smoking by the husband. Even here, 
it is notable that the elbvanon in nsk was not 
evident when smoking data were obtained from the 
subject or. her spouse directly, but was only evident 
when the data were obtained from the daughter or 
son or another informanti i.c from those people 
who were less likely to have known the full! 
smoking history The lower relative risk may still 
have arisen wholly or partly as a bias resulting 
from misclassi Heat ion of smoking habits 

Fourth, many of the studies arc open to specific 
criticisms For example, the conclusion of Gillis ti¬ 
nt. (I984)i that male lung cancer deaths in. non- 
smokers rose from 4 per 10,000 in those not 
exposed to passive smoke to 13 per 10,000 in those 
who were exposed was based on a total of only 6(1) 
deaths and was not statistically significant. Also the 
claim by Knoth et at. (1983) of a relationship 
between passive smoking and lung cancer in non¬ 
smoking women was based simply on the 
observation than the proportion of female non¬ 
smoking lung cancer patients living together with a 
smokeT exceeded the proportion of male smokers as 
reported in the previous microccnsus, ignoring wirr 
aha the fact that in many families women live with 
more than just their husbands 

In the present study no significant relationship of 
passive smoking lo lung cancer incidence in lifelong 
non-smokers was seen, either in the analyses based 
on the information collected in hospital or in 
subsequent inquiry of the spouses or both It must 
be pointed oul t however, that the number of lung 
cancer patients who had never smoked was rather 
small so that, though our findings arc consistent 
with passive smoking having no cfTcct on lung 
cancer risk at all, they do not exclude ihc 
possibility of a small increase in risk, though the 
upper 95% confidence limit of 1.50 for the estimate 
of 0.80 (Table IV) in relation to the spouse 
smoking during the whole of the marriage is not 
consistent with some of the larger increases claimed 
by Hirayama (1981, 1984) TnchopouJos et at. 
(19811 1983) and Correa ei at (1983). 

Though the number of liing cancer patients who 
had never smoked is small, varying around 30-50 
depending on the analysis, this number is not very 
different from that reported in a number or other 
studies, e.g the findings of Correa et at. (1983) 
were based on only 30, while those of Trichopoulos 
tt at. (1981). even when updated (Trichopoulos et 
at, 1983) were based on only 77. The difficulty of 
obtaining an adequate sample size is underlined 


when one considers that in our study the 44 never 
smoking lung cancer patients who completed 
passive smoking questionnaires in hospital were 
extracted from a total of 792 lung cancer patients. 
It would need a very Urge research efTort to 
increase precision substantially, and even then one 
would have to take care that the magnitude of any 
biases did not exceed the magnitude of the effect 
one was looking for. 

The two major prospective studies which have 
so far reported findings on passive smoking 
(Hirayama. 198 It Garfinkcll 1981) were not 
actually designed to investigate this issue and, as a 
result, could only use spouse’s smoking as an index 
of exposure Our study, on the other hand, though 
not able to monitor exposure objectively, as would 
have been preferable, was abk to look at passive 
smoking in a wider context, by asking about the 
extent of exposure at home, at work, during travel 
and at leisure. Although the answers to these 
questions were subjective, and could have exhibited 
some bias, their inclusion perhaps allows greater 
confidence in the conclusions 

It was interesting that, of the 59 patients for 
whom spouse's cigarette smoking habits were 
obtained from both the spouse and the patients, 
there were 9 (15%) patients for whom there was 
disagreement as to whether the spouse had been a 
smoker at some time during the marriage. It seems 
reasonable to suppose that some of these were in 
fact smokers and may have been erroneously 
classified as non-smokers had only one source of 
information been used It was also noteworthy that 
there was quite a strong correlation in our study 
between active and passive smoking As illustrated 
in Table VI. current smokers were considerably 
more likely to be exposed to passive smoke 
exposure at home (from sources other than their 
own cigarettes) than were never or ex-smokers. As 
noted above, this correlation, coupled with some 
misclassification of smokers as non-smokers, may 
spuriously inflate the estimate of risk related to 
passive smoking It is important to carry oul 
further studies to obtain more accurate information 
on reliability of statements about smoking habits 
because of this possibility of bias 

Lillie other evidence is available concerning the 
relationship between passive smoking and risk of 
the other smoking-associated diseases in (adult): 
non-smokers and much of this is open to criticism 
In his original paper, Hirayama (1981) presented 
relative nsks of death for various diseases for non¬ 
smoking women according to the husband's 
smoking habits Based on a total of 66 deaths, a 
slight positive trend for emphysema and asthma 
was not significant, while, based on a total of 406 
deaths, no indication of a trend at all was seen for 
ischaemic heart disease In a laict paper, based on 
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Tahir VJ Relative odd* of having paiu»r smoke exposure si home according lo 
pattern'sown manufactured crpjfcttt smoking Hahns (Standardised for age base - 
combined class I and 2 control*) 


Own smttktnp kohtls 

Rclaurt odds (95*. 

rotifkdrnet hmils) 

Malr 

Frmair 

Never 

1 

1 

Ft 

l .25(08^1.811 

1.26(0 86-1.85) 

Current 

4.00(2:67-598) 

251(174-362) 

Chi-s^uarcd for trend (2df) 

57:81 

25.34 

f* 

<000Ji 

<0001 


only a further 88 ischaemic heart disease deaths. 
Hirayama (1984) reported a slight positive trend in 
risk, but' this was not statistically significant 
Garland rt ul (1985). in a small prospective study, 
reported a 15-fold! higher risk of ischaemic heart 
disease in non-smoking Californian women whose 
husbands were current or former smokers 
compared with those whose husbands were never 
smokers, but this enormous and implausible relative 
risk was only significant at the 90 c c confidence 
level and had very wide confidence limits, being 
based on only 2 deaths in women whose husbands 
were current smokers. Sandler ri uL (1985); in a 
case-control study earned out in North Carolina, 
reported a strong relationship between risk of 
cancer of all sites and passive smoking This study 
has been criticised by Lee (1985) who notes that it 
is basically implausible that passive smoking should 
increase risk of cancers not associated with active 
smoking Lee also criticised the method of analysis, 
showing that no association with cancer risk would 
be found if a more standard method of analysis 
was used Vandcrbrouckc el al (1984} ; based on a 
25 year foIlow*up of 1,070 Amsterdam married 
couples, recently reported that passive smoking was 
associated with some decrease in total' mortality 

There is evidence indicating that young children 
whose parents smoke have an excess incidence of 
respiratory symptoms and some reduction in 
pulmonary function. Reviewing this evidence, Lee 
(1984) noted that the interpretation of the 
association is fraught with difficulties and that 
other possible explanations, including social class 
related factors, parental ncgclct, nutrition, cross- 
infection and during pregnancy, had not 

been taken into account adequately, so that a 
causal effect of passive smoking could not be 
inferred The relevance of these findings to chronic 
bronchitis or other diseases in adults is in any case 
not clear. 

Our analyses showed no significant effect of 


passive smoking on lifclbng non-smokers as regards 
risk of chrome bronchitis, ischaemic heart disease 
or stroke. Ini all the analyses relating the various 
indices of passive smoke exposure to these diseases, 
no significant differences were seen and slight 
decreases »n nsk were as common as slight 
increases 

Whilg more data would be desirable for these 
diseases, lung cancer continues to be the major 
smoking associated disease for which passive 
smoking comes under suspicion. Since all the 
difficulties of carrying out good research have 
clearly still not yet been overcome, further research 
is certainly needed Our findings appear consistent 
with the general view, based on all the available 
evidence, that any effect of passive smoking on nsk 
of lung cancer or other smoking-associated diseases 
is at most quite small! if it exists at all. The marked 
increases in nsk noted in some studies are more 
likely to be a result of bias in the study design than 
of a true effect of passive smoking. 


Any view's expressed in this paper art those of the authors 
and not of any other person or company. 
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Martin, M.J., Hunt, S.C. and Williams, R.R., "Increased Incidence 
of Heart Attacks in Nonsmoking Women Married to Smokers," Presented 
at the Annual Meeting of the American Public Health' Association, 
Abstract, 1986. 

This study is available only in abstract form, based on 
a presentation at a 1986 meeting of the American Public Health 
Association. The study was based on the self-reported health 
history and smoking status of a group of parents of Utah' high school 
students. Women between the ages of 30 and 59 who had never smoked, 
were classified according to whether their husbands were smokers, 
never smokers or exsmokers. Of the 7,115 nonsmoking women, 23 
reported having had a heart attack. The authors reported that, 
compared to women whose husbands had never smoked, women married 
to smokers had a relative risk of 4.4. After statistically 
controlling for family history of coronary heart disease, 
hypertension, diabetes, weight, alcohol intake and amount of 
exercise, this relative risk was 3.4. Both values were reported 
as statistically significant. The authors also suggested that the 
risk may have increased with length of exposure, and that women 
married to former smokers also had an elevated risk, although not 
as great as for women married to current smokers. The authors 
concluded: 


These results suggest that women married to 
smokers have an increased risk of heart attacks 
as a result of exposure to environmental tobacco 
smoke. 
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Criticisms 


I 


1. This study is available only in the form of an 
unpublished abstract, which provides very few details on which to 
base an evaluation. 

2. The source of medical information about these 
nonsmoking women was highly questionable. It was based only on 
self-reported health history. There were no reviews of medical 
records or other evaluation of these self-reports that might have 
been useful in assessing their accuracy or reliability. 

3. The sample size was very small, consisting of only 
23 self-reported heart attacks. 

4. The credibility of the entire study is called into 
question when one considers that the relative risk that Martin, et 
al. report to be associated with exposure to ETS is several times 
greater than what the Surgeon General claims is the overall heart 
disease risk in smokers . 

5. No data were available on possible ETS exposure 
outside of the home, such as the workplace. 
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Michael J. M artin. MD rUnivmity_pf California. San Franciscol. Steven '' 
C Hunt PhD . a ndRopg/R. Williams. ME> fUmygnity of Utah! 

INCREASED INCIDENCE OF HEART ATTACKS IN N6NSMOTN0 
WOMEN MARRIED TO SMOKERS. 

To investigate the incidence of heart attacks in never-smoking women 

expated t6 environment^] tobacco imokc* tbs tuthwi jwsiyzed data 

collected from 1 8,344 parents (9,172 spouse pairs) of Utah high school 
students. Etch parent bad been asked to report on his or her own health 
history, including the occurrence and age of onset of a heart attack, stroke, 
coronary bvpm surgery, hypertension, diabetes, and cancer. All 
never-smoking women (N- 7,115) who were between the ages of 30 and 
59 and for whom there was information on the husband's smoking status 
were included in the current study. There were 941 women married to 
current smokers, 550 women married t6 fftffflSr LinokftH, Md 5214 
women married to nevex-smokers. A total of 23 heart attacks were 
reported by these women. Compared to women married to never- 
smokers, the women married to current smokers were 4.4 (jx.01) times as 
likely to have had a heart attack. When a proportional hazards model was 
used to control for other known risk factors (family history of CHD, 
hypertension, diabetes, weight, alcohol intake, and amount of exercise) the 
relative ride was still 3.4 (p < .01). There seemed to be an increased risk 
with m inotllicd length of osposwr?.: women married to former smokers 
had less of an ihermed risk (RR-1.9) than women married to current 
tmokm (RR-4.4). These results suggest that women married to tmoksrs 
have an increased risk of heart attacks as a result of exposure to 
environmental tobacco smoke. 
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Palmer, J.R., Rosenberg, L. and Shapiro, S., "Passive Smoking and 
Myocardial Infarction in Women," Abstract, CVD Epidemiology 
Newsletter No. 43, 29, Winter 1988. 

This is a hospital-based case-control study which examined 
366 female myocardial infarction (MI) cases in relation to spousal 
smoking status. A relative MI risk of 1.2 was reported for 
nonsmoking women married to smokers. Also, elevated MI risks were 
reported in smoking women, depending on the smoking status of their 
husband. In women who smoked less than 25 cigarettes per day, the 
reported relative MI risk was 2.9 if the husbands did not smoke, 
compared to 3.9 if the husbands did smoke. For heavy smoking women, 
these estimates were 6.3 and 8.3, respectively. The authors stated 
that these trends were "not accounted for by the known risk factors 
for MI." It was further stated that these results support an> 
elevation of MI risk in relation to spousal smoking, and that these 
results "are unlikely to be explained by selection or information 
bias." 

Criticisms 

1. This is an abstract only, apparently not subject to 
peer review, appearing only in a set of abstracts submitted for 
presentation at a cardiovascular disease epidemiology meeting 
sponsored by the American Heart Association. 

2. Since this is an abstract only, few details are 
available on which to evaluate the study. 
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3. Although several figures for relative risks were 
reported, there was no information indicating that these figures 
were evaluated for statistical significance. 
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Abstracts Submitted for the 28th Conference on 
Ctrdloviscultr Disease Epidemiology 

Santa Ft, New Mexico March 17-19, 1967 


Abstracts of all papers submitted to the Program Coailttee of the Council on 
Epidemiology for the 28th Annual Conference on Cardiovascular Disease 
Epidemiology are reprinted below In the order they were received, except for 
those deleted at the request of the author. For additional Information about 
any of the abstracts see the Index of author correspondents Immediately 
following the last abstract. 


tod ' icURiK a t B BOG H BBzrp n r a5U HT w;- ~r—- 
roe woo asx txi mana or vmxmnicm i 

XX RTmQKUXTTXQLBOC MX? OB UK OSKHAR . 

mown mrumm mu. (c rrt) 

U r* C. RP tehehcn, » «ml*y, O! Clarder, 

a fuhenetsin, The University of Worth Caroline 

ft a**«i im f k. 

Hypertermiom (RTF) is of ton «flMeUtA4 with high 

cbo 1 m tore! levels. U* studied 2393 norectensive mr 

[systolic pressure end diastolic pressure 

(DM)l9© art*) in Um Cm to If levering 

LDL-C 4scruM the riU of IT? (ODlfcO or »P>90 

or 1? medication). baseline tuKMUew included « 

treadmill toot and miiMfit of rtaA factors and 

wo repeated amually. The ineidenee of ft? after 

5 years of follov-i* ms 12.A (159/12*7) ia the 

placebo group compered to 9.A (119/1294) la the 

cholMtynnine jrotp. Ihla difference ems eignifi- 

cent, p-0.003, tasting wit* a leglstlc re s r ee elon 

nodal including standard ST? risk factors aa to* 

rmrietee. Purtfemr analysM revealed that dorreaaa 

in LCL-C «ae the factor explaining tha treatment 
offset, the relative ria* of XT? (RR-XT?) was sig¬ 

nificantly (p-0.01) aaeociated with tha reduction 
in LDL-C controlling for covariatea. A 40 ag/dl 
e ao eg/dl licruM in LfiL-C corresponded to a 
RR-KY? of 0.71 and 0.31 respectively. We eoncluda 

that choJeatyrMtlno induced levering of LDL-C la 

aaeociated with a decreaee ia the risk of KT7, 

raising the possibility of LDL-C being • aodifiable 
ml fpr hTpertnem._ 


THE 19-TEA* DECLINE OF CORONARY 
HEART DISEASE AND STROKE IN THE 
HONOLULU HEART PROGRAM 
Dvayns Read and Charles MacLsan. 
Honolulu Raart Erogram, Honolulu, 


HI 


Sines 1966, tha Honolulu Heart Prograa 
has monitored Cht incidence and 
mortality rata* for coronary heart 
diaeaaa (CKD), and stroka among a cohort 
of 6006 man of Japanasa ancestry living 
in ILsvail• During 19 years of follov-up 
there vara 702 cases of total definite 
CKD of vhich 456 were fetal, and 443 
cases of stroke of vhich 193 were fatal. 
There vas a 161 decreatt in age-adjusted 
CHD mortality rate end e 20Z decrease in 
the Incidence of definite CKD. The 
decrease in mortality rates vas lees 
than that for US vhlte males, and vas 
not statistically significant. During 
the same time period, chare vaa a 645 
decrease in stroke mortality races end a 
65Z decrease in the incidence of total 
stroke. The decrease in mortality rates 
vas greater than chat for US white males 
snd vas statistically significant. The 
mortality rates of these vascular 
diseases appear to reflect the changes 
In total incidence for this cohort. 
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PASSIVE SMOKING AND MYOCARDIAL 
INFARCTI ON IN WOMEN .Julie R, Palmer ,|'83 
Lynn Rosenberg, Samuel Shapiro. 

Slone Epidemiology Uhit, Brookline, MA 

In a hospital-based case-control study ofj 
past oral contraceptive use and myocar¬ 
dial infarction (HI) in women aged 20 to 
64, information is being obtained on the 
smoking habits of subjects' husbands in 
order to evaluate the effect of passive 
exposure to sidestream cigarette smoke 
on risk of HI. We conducted an interim 
analysis of data from 336 married cases 
and 799 married controls. With a refer¬ 
ence category of nonsmoking women married} 
to nonsmoking men, the relative risk es¬ 
timate for nonsmoking women whose hus¬ 
bands smoked was 1.2; for women who 
smoked less than 25 cigarettes per day 
the estimates were 2,9 (nonsmoking hus¬ 
bands) and 3,9 (husbands smoked); and for| 
women who were heavy smokers, the esti¬ 
mates were 6.3 and 8.3 # respectively. The 
observed trend was not accounted for by 
the known risk factors for MI. These re¬ 
sults, which lend support to the hypo¬ 
thesis that exposure to spouses* smoking 
increases the risk of HI, are unlikely to| 
be explained by selection or information 
bias. 


-fr, 

8v> 



ORAL CONTRACEPTIVE USE AND MYOCAR¬ 
DIAL INFARCTION. Lynn Rosenberg, 

Julie R. Palmer, Samuel Shapiro, Slo 
Epidemiology Unit, Brookline* HA 

A case-control study is being condi^6ted 
primarily to assess whether the long-ten^ 
use of oral contraceptives(OCs) f after 
discontinuation, increases the ri.sk of 
myocardial infarction(MI).In an/interim 
analysis of data from 675 women' under agej 
65 with first Mis and 1274 conTrol women 
of similar ages.the estimated'relative 
risks of HI for women who hao used OCs 
for 1-4,5-9, and 10+ years/were 1.2(951 
confidence interval 0.8-ly7),1.2(0.8-1.9) 
and 1.3(0,7-2 „4), respectively. These re 
suits do not confirm a previous finding 
of a doubling in risk among women who hadj 
used the older OCs for/at least 5 years; 
possibly the newer lower-dose OCs have 
less adverse effects/on serum lipids and 
other cardiovascular risk factors than 
the older pills. For current OC users, the) 
relative risk estimate was 2.6(1.0-7.1); 
although this poiiu estimate is compati¬ 
ble with the 4-fcAd increase in risk 
associated with Ahe older pills, it is 
also compatible/with a smaller increase, 
or with no increase at all. 


/ 




INTERCORRELATIONS OF LIPOPROTEINS AND I R , 
LOU DENSITY LIPOPROTEIN (LDL) SUBCLASS Bb j 
PATTERNS IN RELATION TO RISK *F KTOCARDIAL 
INFARCTION. Melissa A Austin, Charles H 
tiennekens, Jan L Breslov,, Julie E Buring, 
Walter C Villett, Karen H^Vrani 2 an, Ronald 
M Krauss. Univ. of Calif r ., Berkeley, CA 
In 230 subjects froa Ae Boston Area 
Health Study, a case-c/ntrol' study of myo- 
cardial infarction (Hi) survivors, ve have 
shown that a predominance of small, dense 
LDL particles (LDL iubclass pattern B by 
gradient gel electrophoresis) is associ¬ 
ated with increased risk of MI with an 
odds ratio (OR) At 3.0 (952 Cl 1.7-5.3), | 

independent of Age, sex, relative weight, ! 
LDL-cholestaroi and intermediate density 
lipoprotein miss (IDL). Adjustment for 
high density^lipoprotein cholesterol 
(HDL-C) and'triglyceride (TG) reduced the 
OR to 2.2/952 Cl 1.2-4.1) and 1.6 (952 Cl 
0.8-3.2)/respectively. Because of colli- 
nearityAn these models, intercorrelations , 
of lipoproteins and pattern B were inves¬ 
tigated. HDL-C, IDL and TG were all found 
to be/independently related to LDL sub- 
clasi pattern B, after adjustment for age, 
sex/ relative weight, and case-control 
status. Biological mechanisms may simulta¬ 
neously Influence multiple lipoprotein 
variables, including LDL subclass pat¬ 
terns, and result in increased risk of Ml. 


EXERTIONAL CHEST PAIN AND RISK OF o/ 
FATAL AND N0N-FATAL CORONARY HEART 7 
DISEASE IN THREE OLDER POPULATIONS / 
Andrea 2. LaCrotx. Jack M. Guralnlk. Charles H. 
Hennekens, Robert B. Wallace. Adrien M. Ostteld. J 
David Curt. Nabonmi Institute on Aging, Bethesde. MD 

/ 

Among older pmoplt, the prognostic significance of 
self-reported chest peln for future myocardial Infarction 
(Ml) and coronary heart disease (CHD) death la 
unknown. Cohort! aged 65 and older In three i 
communities (East Boston. MA; New Haven. CT. rural ! 
Iowa) without history of heart attack (3067 men. 5291 
women) were followed for 3 years for CHD death and : 
annually (self or proxy) reported hospitalization for Ml. 

At baseline, chest pain on exertion was found In 6-7% 
of men (79/1195;,53/936/54/936) and 6-10% of women 
(197/2046; 131/1435. J15/1811) In each community, 
respectively Fata/ and non-fataJ CHD events occurred 
In a total of 213 men end 250 women. In East Boston. | 
and Iowa, exertional chest pain waa significantly 
associated with jHk of fatal and noorfital I CHD events 
combined Ih both men and women Agemdjusted risk 
ratios for women ranged from 2.0 (95% confidence 
Interval (Ctt't.2-3.5); *n East Boston to 5.1 (95% Cl , 
2.8-9 4) In fowa, with men’s risk ratios Intermediate In I 
these cohorts In New Haven, the association was 
positive In berth saxes but weaker and non-significant! 
These findings suggest that exertlbnal chest pain 
reported by older people without previous hean attack 
can be an important Indicator of future CHD events 
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Svendsen, K.H., Fuller, L.H., Martin, M.J. and Ockene, J'.K., 
"Effects of Passive Smoking in the Multiple Risk Factor 
Intervention Trial," American Journal of Epidemiology 126(5): 
783-795, 1987. 

This study was based on data from men who participated 
in the Multiple Risk Factor Intervention Trial (MRFIT). MRFIT was 
not designed as a study of ETS, but rather to determine whether 
reducing levels of cholesterol, blood pressure, and cigarette 
smoking in middle-aged men would produce corresponding reductions 
in coronary heart disease mortality. On the basis of a "risk score" 
which incorporated these factors, all of the MRFIT participants 
were considered to be at high risk of heart disease. However, 
this was an overall score and did not require that all participants 
have high levels of all of these "risk factors." Of the total of 
12,866 MRFIT subjects, the Svensden, et al. report focused on 1 hr 
1,400 who had never smoked. At entry into the study, information 
was collected on the wives' smoking habits, which was used; as the 
basis for estimating ETS exposure. The men were followed for an 
average of seven years, during which time 13 coronary heart disease 
deaths occurred. Comparing nonsmoking men whose wives smoked to 
those whose wives did not, the relative risk for coronary heart 
disease death was reported to be 2.11. After statistically 
adjusting for several other variables, this ratio was 2.23. These 
ratios were not statistically significant. 
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Criticisms 


1. This study did not report a statistically significant 
effect of ETS exposure with heart disease risk. 

2. The sample size was very small, being based only on 
13 deaths from heart disease. 

3. The exposure data may be particularly questionable, 
because the wives' smoking status was based on interviews with the 
husbands, not on direct questioning of the wives. 

4. The sample size was biased, in that all of the MRFIT 
participants were considered to be at high risk (upper 10-O! .} i i; r 
heart disease, according to a risk score based on levels of 
cholesterol, blood pressure, and smoking. Hence, the possible 
relevance of the study to people in general is unknown. 

5. It is possible that the husband's smoking status 
was misclassified at entry into the study. 

6. There may be an alcohol-related bias in this study. 
The subjects who were classified as being ETS-exposed drank more 
alcohol per week than those who were classified as not being 
exposed to ETS. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511827 



7. Although this study attempted to statistically 
control for several variables, there are a wide variety of 
behavioral, social, and other factors related to heart disease 
which are potentially uncontrolled confounding factors but that were 
not considered in this study. 
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EFFECTS OF PASSIVE SMOKING IN THE MULTIPLE RISK FACTOR 

INTERVENTION TRIAL 

KENNETH H. SVENDSEN,’ LEWIS H. KULLER,* MICHAEL J. MARTIN,* and 
JUDITH K OCKENE* 


Svendsen, K. H. (Coordinating Center* for Biometric Research, U. of Minnesota, 
Minneapolis, MN 55414), L H. Kuller, M. J. Martin, and J: K. Ockene. Effects of 
passive smoking in the Multiple Risk Factor Intervention Trial. Am J Epkhmlot 
1987; 126:783-95. 

The Multiple Risk Factor Intervention Trial (MRFTT), conducted in 1973-1982, 
provided a unique opportunity to study the effect of passive smoking on men 
whose wives smoke. MRFTT participants who reported at entry that they had 
never smoked tobacco products were classified according to the smoking status 
of their wives. Men with wives who smoked had similar mean levels of serum 
thiocyanate (54.3 vs. 53.9 M^ol/liter, p = 0.83) but higher mean levels of expired 
carbon monoxide (7.7 vs. 7.1 ppm, p = 0.001). Lower levels of pulmonary function 
(by maximum forced expiratory volume in one second) were also observed in 
these men (3,493.1 vs. 3,591.9 ml, p = 0.04). The relative risks, for men whose 
wives smoked compared with men whose wives did not smoke, for the endpoints 
coronary heart disease death, fatal or nonfatal coronary heart disease event, and 
death from any cause were 2.11 (p = 0.19, 95% confidence interval (Cl) 0.69- 
8.46), 1.48 (p = 0.13, 95% Cl 0.89-2.47), and 1.96 (p = 0.08, 95% Cl 0.93-4.11), 
respectively. When smokers who quit prior to entry were included in the analyses, 
the relative risks, for men whose wives smoked compared with men whose wives 
did not smoke, for the above endopoints were 1.45 (p s 0.25, 95% Cl 0.77-2.73), 
1.19 (p = 0.29, 95% Cl 0.85-1.65), and 1.72 (p = 0.01, 95% Cl 1.12-2.64), 
respectively. These relative risk estimates did not change appreciably after 
adjusting for other baseline risk factors. The results suggest that passive expo¬ 
sure to cigarette smoke may have a deleterious Impact on the health of non- 
smokers and that nonsmokers may be at an increased risk of death through 
passive exposure to cigarette smoke. 

coronary disease; tobacco smoke pollution 


Passive smoking is defined as exposure ing from another person's tobacco smoke, 
of an individual to the air pollution result- The products of tobacco smoke are divided 


Received for publication September 3; 1986, and m one second; MRiTT, Multiple Ri*k Factor Lnterven- 
final form January 21. 1987. tion Trial. 

Abbreviation*: FEV,, forced expiratory volume in ‘Coordinating Center* for Biometric Research, 
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6 VENDS EN ET AL 



( 


into two components. Those directly ex¬ 
haled by the smoker are called mainstream 
smoke, white those from the lit end of the 
cigarette, cigar, or pipe which are dis¬ 
charged into the environment are referred 
to as si destream smoke. The composition 
of sidestream smoke (1); differs substan¬ 
tially from that of mainstream smoke, de¬ 
pending upon the different temperatures at 
which the substances burn and the avail¬ 
able oxygen supply. Particulates, for ex¬ 
ample, are about 10 times greater in main¬ 
stream smoke than in sidestream smoke. 
After inhalation, sidestream smoke prob¬ 
ably reaches the more distant alveolar 
spaces in the lung (2). Sidestream smoke 
also contains much more free nicotine in 
the gas phase, generates more carbon mon¬ 
oxide (1), and contains much higher con¬ 
centrations of the reduced products of ni¬ 
trogen including several highly carcino¬ 
genic substances (3). Most environmental 
tobacco smoke iB from sidestream smoke, 
and only a very small amount is from ex¬ 
haled mainstream smoke. Environmental 
exposures to tobacco smoke depend on the 
number of smokers in the area and the 
amount they smoke, the size of the area, 
and the ventilation rate. 

It is now an accepted fact that cigarette 
smokers have an increased risk of many 
diseases. In recent years, there has been a 
growing concern that nonsmokers exposed 
to environmental tobacco smoke may also 
be at increased risk of certain diseases, 
especially cancer, chronic obstructive pul¬ 
monary disease, and, possibly, heart dis¬ 
ease. 

Friedman et al. (4) reported that 63.3 per 
cent of adults were exposed to passive 
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smoking for at least one hour per week. A 
higher percentage was exposed away from 
home, usually at work. Repace and Lowrey 
(5) have estimated that the exposure to 
environmental tobacco smoke of the non¬ 
smoking adult population was about 1.43 
mg of tar per day. A cigarette smoker, on 
the other hand, can be expected to inhale 
about 420 mg of tar per ctey (14 mg of tar 
per cigarette for an average of 30 cigarettes 
per day). Thus, the dose from passive smok¬ 
ing is much less than the dose from ciga¬ 
rette smoking. 

Studies on passive smoking reported to 
date have depended on self-reported his to - 
ries of environmental tobacco smoke ex¬ 
posure. A workshop on the respiratory ef¬ 
fects of environmental tobacco smoke in 
1983 sponsored Dy the Division of Lung 
Diseases at the National Heart, Lung, and 
Blood Institute (6) noted that lack of objec¬ 
tive measures of dose or exposure, con¬ 
founding variables, methods of statistical 
analysis, and quantification of other vari¬ 
ables were major concerns in the evaluation 
of current and future studies. 

Participants in the Multiple Risk Factor 
Intervention Trial (MRFIT) (7): offered an 
unusual opportunity to study the effect of 
environmental! tobacco smoke on men, es¬ 
pecially inthe home. Objective measures of 
cigarette smoking behavior, as well!as other 
critical risk factors for cardiovascular and 
other diseases, were carefully monitored in 
a large population followed for an average 
of seven years. Fortuitously, at entry into 
the study, prior to randomization, a de¬ 
tailed smoking history was obtained for 
each of the participants subsequently ran¬ 
domized. This history included not only 
their own smoking history but also that of 
their wives, family members, and cowork¬ 
ers. This trial, to our knowledge, is the first 
longitudinal study that was abte to objec¬ 
tively define the participants’ smoking sta¬ 
tus and possible exposure to environmental 
tobacco smoke. The study design was also 
unique because the index subjects were men 
who did not smoke and who were at high 
risk of heart disease, and the exposure in- 
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dex was the smoking behavior of their 
wives. 

Materials and methods 

The Multiple Risk Factor Intervention 
Trial was a primary prevention trial de¬ 
signed to test the effect of a multifactor 
intervention program on mortality from 
coronary heart disease. 

The design of the MRFIT has been de¬ 
scribed (7). Briefly, men aged 35-57 years 
were recruited in 18 US cities. They were 
screened to select those in the upper 10-15 
per cent of a risk score distribution derived 
from Framingham data, based on serum 
cholesterol concentration, cigarette smok¬ 
ing, and diastolic blood pressure. Those free 
of overt coronary heart disease by history 
and resting electrocardiogram who con¬ 
sented to participate were randomized to 
either the special intervention or usual care 
groups. After randomization^ special inter¬ 
vention' men participated in an intensive 
intervention program aimed at lowering 
blood cholesterol by nutritional means, 
eliminating cigarette smoking through ed¬ 
ucation and behavior modification tech¬ 
niques, and reducing the diastolic blood 
pressure of those who were hypertensive 
primarily by using a stepped-care drug reg¬ 
imen. Usual care participants were referred 
to their customary source of medical care 
with information on their risk factor status 
but with no advice as to intervention. Both 
special intervention and usual care partic¬ 
ipants were seen annually over six to eight 
years for risk factor measurement and a 
medical examination. A detailed smoking 
history was obtained from all participants 
during screening and at each annual visit. 

This paper focuses on the effects of pas¬ 
sive smoking on participants who reported 
that they did not smoke cigarettes, pipes, 
cigars, or cigarillos prior to randomization 
into the trial. Most analyses are restricted 
to men who had never smoked cigarettes. 
Endpoint results are shown for never smok¬ 
ers and : all nonsmokers at entry; non- 
smokers included never smokers and ex- 
smokers who quit prior to entry into the 


study. Data on the smoking habits of the 
participants’ wives were collected at base¬ 
line for participants who smoked and those 
who did not smoke. The smoking status of 
the wife is used as an index of passive 
smoking exposure for the men who did not 
smoke. Only a limited amount of informa¬ 
tion was collected about exposure to to¬ 
bacco smoke on the job. Participants were 
asked the smoking status of their cowork¬ 
ers. The results of all analyses presented 
are for the special intervention and usual 
care groups combined. Separate analyses 
for each study group yielded similar results. 

Measurements of smoking exposure 

Serum thiocyanate was measured during 
screening and at each annual visit. In the 
planning stages of the MRFIT, it was rec¬ 
ognized that special intervention partici¬ 
pants who were repeatedly urged to stop or 
reduce smoking cigarettes might be more 
likely to misreport their cigarette smoking 
status than usual care participants. Serum 
thiocyanate is elevated in smokers because 
of the cyanide present in tobacco smoke 
which is metabolized to thiocyanate. The 
half-life of serum thiocyanate is approxi¬ 
mately 14 days, reflecting long-term expo¬ 
sure to cigarette smoke. 

At the third and sixth annual examina¬ 
tions, expired air carbon monoxide was 
measured, using an ecolyzer (series 2000, 
Energetics Science, Inc., Elmsford, NY), 
which permitted a visual meter reading on 
a 0-100 parts per million (ppm) scale. The 
levels of expired air carbon monoxide are 
directly related to carboxyhemoglobin in 
the bloocL The half-life of elevated carboxy - 
hemoglobin levels after exposure to envi¬ 
ronmental carbon monoxide is only two to 
four hours; thus, its measurement reflects 
only very recent exposures. Other factors, 
especially any incomplete combustion of 
carbon-containing substances, can increase 
environmental carbon monoxide levels and 
blood carboxyhemoglobin levels. 

Pulmonary function testing was con¬ 
ducted at screening and at each annual 
examination using a 10-L Stead Wells 
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water-filled spirometer (Warren E. Collins, 
Inc*, Braintree, MA)i The forced expiratory 
volume in one second (FEVJ is defined as 
the voltime of gas exhaled over an interval 
of one second, with expiration as rapid and 
as complete as possible. The selection of 
tracings for analysis was based on careful 
quality control standards defined prior to 
the current analyses. The maximum of 
three to five measurements meeting quality 
standards (maximum FEVi), adjusted for 
age and height, is used to quantify pulmo¬ 
nary function in this paper. The quality 
control procedures and measurement tech¬ 
niques are described in detail elsewhere (8). 

Endpoints 

Classification of cause of death was. per¬ 
formed by a committee of three cardiolo¬ 
gists who were unaware of treatment as¬ 
signment (special intervention/usual care) 
or passive smoking status. They used hos¬ 
pital records, physicians’ reports, next-of- 
kin interviews, death certificates, and au¬ 
topsy reports, when available Coronary 
heart disease deaths were subclassified as 
1) documented myocardial infarction; 2) 
sudden death within 60 minutes, or be¬ 
tween one and 24 hours of symptom onset, 
without documented myocardial infarction; 
3) congestive heart failure due to coronary 
heart disease; or 4) death associated with 
surgery for coronary heart disease. Results 
are also presented for the endpoint fatal or 
nonfatal coronary heart disease event. This 
endpoint includes coronary heart disease 
death, serial change from baseline on a 
resting electrocardiogram, and/or docu¬ 
mented evidence of myocardial infarction 
from a review of hospital records by a panel 
of physicians (9). 

Statistical methods 

Differences in baseline characteristics 
and changes in risk factor levels from base¬ 
line to the sixth annual examination for 
men who did not smoke who had wives who 
smoked versus men who did not smoke who 
had wives who were also nonsmokers were 
tested for statistical significance using the 


Student’s t test (two-sided) or the 2x2 
chi-square test. For comparison of mea¬ 
sures of smoking exposure between the two 
groups, mean levels of thiocyanate and the 
maximum FEV\ were calculated for base¬ 
line and the average of baseline and all 
follow-up visits. The latter results in im^ 
proved precision but smaller sample size. 
The maximum FEVj means were adjusted 
for age and height by analysis of covariance. 
Mean levels of expired air carbon monoxide 
were calculated for year 3 and the average 
of years 3 and 6. Differences in the means 
between the two groups for thiocyanate and 
expired air carbon monoxide were assessed 
by the Student’s t test. Differences in the 
adjusted means for maximum FEVj were 
assessed by analysis of covariance. Tests 
for a dose effect of smoking exposure were 
performed using regression models with 
number of cigarettes smoked per day re¬ 
ported by wife as an independent variable. 

Relative risk estimates, for men whose 
wives smoked compared with men whose 
wives did not smoke, for the endpoints 
death from any cause, coronary heart .dis¬ 
ease death, and fatal or nonfatal coroxi^y 
heart disease event were calculated using 
the Cox proportional hazards model (10) 
with Breslow’s approximation (11 )i Results 
are shown both unadjusted and adjusted for 
age, baseline blood pressure, cholesterol, 
weight, education (as a measure of socio¬ 
economic status), and drinks per week. 

Results 
Sample size 

There were 1,400 of 12,866 randomized 
participants who reported that they had 
never smoked cigarettes, pipes, cigars, or 
cigarillos at entry into the MRFIT. Of these 
never smokers, 1,245 were married; 286 to 
women who smoked and 959 to women who 
did not smoke (table 1). 

Comparability of never smokers by smoking 
status of wife 

Baseline characteristics of these 1,245 
men by smoking status of wife are sum- 
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marized in table 2. The two groups of men 
are similar with respect to age, blood pres¬ 
sure, and cholesterol. The average weight 
for men with wives who smoked was 4.2 


Table 1 

Frequency distribution of smoking status at entry: 
Multipie Risk Factor Intervention Trial, 1972-1982 



n 

% 

Smokers* 

9,244 

71.8 

E*-smokers 

2^22 

17.3 

Never smokers 

1,400 

10.9 

Not mamed 

155 

1.2 

Wife a nonsmoker 

959 

7.5 

Wife a smoker 

286 

2.2 

Total 

12,866 

100.0 


* Includes smoker* of cigarettes, pipes, cigar*, or 
cigarillos. 


pounds greater than that of men whose 
wives did not smoke (p < 0.01). Men whose 
wives smoked consumed an average of 2.1 
more alcoholic drinks per week (p < 0.01) 
and had 0.5 years less formal education 
than men with wives who did not smoke (p 
< 0.05), Income was similar between the 
groups. Table 3 shows risk factor changes 
and the percentage of men prescribed anti- 
hypertensive medications at the sixth an¬ 
nual ex ami nation by smoking status of 
wife. There were no statistically significant 
differences between the two groups. 

Comparisons of smoking exposure 

Mean serum thiocyanate levels at base¬ 
line and the average of baseline and all 
annual follow-up visits are shown in table 


Table 2 


Mean values of selected variables at entry for 1,245 men who reported never smoking cigarettes, pipes, cigars, or 
cigarillos, by smoking status of wife at entry: Multiple Risk Factor Intervention Trial, 1973-1962 



Smoking status of wife 

Smoker Nonsmoker 

(n « 286) <n- 959> 

Difference* 

95 % 

confidence 

interval 

Age (yean) 

47.4 

47.5 

-0.2 

— 1 . 9 - 0.6 

Diastolic blood pressure (mmHg) 

103.3 

103,1 

0.2 

— 0 . 4 - 0.9 

Systolic blood pressure (tnmHg) 

152.3 ' 

150,8 

1.5 

- 0 . 4 - 3.4 

Serum cholesterol (mg/dl): 

266.0 

264.4 

1.6 

— 2^-55 

High density lipoprotein cholesterol (mg/dl) 

43.4 

42:7 

0.7 

- 0 . 7r > 2.0 

Low density lipoprotein cholesterol (mg/dl) 

166.5 

167.1 

- 0.6 

— 5 . 0 - 3.9 

Weight (lbs): 

194.6 

190.4 

4.2 

0 . 6 - 7.8 

Drinks/week (r») 

9.7 

7.6 

2.1 

0 . 8 - 3.3 

Education (years) 

13.8 

14.2 

- 0.5 

— 0 . 9 - 0.0 

Income (1,000$) 

22.1 

22 . 3 ' 

- 0.1 

—1.4-1:2 


* Difference may not agree becauae of rounding. 


Table 3 


Mean change in selected variables (sixth annual minus baseline examination) for men who reported never 
smoking cigarettes, pipes , cigars, or cigarillos, by smoking status of wife at entry: Multiple Risk Factor 

Intervention TriaL, 1973-1982 



Smoking statue of wife 

Smoker Nonsmoker 

{n - 266) in • 889) 

Difference 

96% 

confidence 

interval 

Diastolic blood pressure (mmHg) 

- 10.1 

-9.9 

— 0 j 3 

— 1 . 7 - 1.1 

Systolic blood pressure (mmHg) 

- 12.6 

- 13.6 

1.1 

— 1 . 1 - 3.2 

Ptaama cholesterol (mg/dl) 

- 11.4 

- 11.0 

- 0.4 

— 4 . 7 - 3.S 

High density lipoprotein cholesterol (mg/dl) 

- 1.4 

- 0.7 

- 0.7 

- 1 . 9 - 0.5 

Low density lipoprotein cholesterol (mg/dl) 

- 10.8 

- 10.4 

- 0.4 

— 4 . 4 - 3.7 

Weight (lb«) 

- 2.2 

- 2.5 

0.3 

— 1 . 4 - 2.0 

Dnnka/week (n) 

- 2.7 

- 2.1 

-0.6 

— 1 . 7 - 0.4 

On antihypertenaive medication (%} 

66.5 

62.5 

4.0 

- 2 . 7 - 10.6 
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4 by smoking status of wife. The mean 
thiocyanate levels are similar for the two 
groups, both at baseline and averaged over 
alii visits. 

Expired air carbon monoxide was mea¬ 
sured at the third and sixth annual exami¬ 
nations. The average expired air carbon 
monoxide at the third annual examination 
for men whose wives smoked was 7.7 ppm 
compared with 7.1 ppm for men whose 
wives did not smoke (table 5). The differ¬ 
ence, 0.6, is statistically significant (p = 
0.001), as is the test for linear trend (p = 
0.03). Similar results were obtained when 
the averages of the third and sixth annual 
carbon monoxide measurements were com¬ 
bined. 

Men with wives who smoked had signif¬ 
icantly lower levels of pulmonary function 


at baseline as measured by the maximum 
FEVj (table 6). The mean maximum FEVj 
is 3,493.1 ml for men whose wives smoked 
versus 3,591.9 for men whose wives did not 
smoke, a difference of about 100 ml. Similar 
results were obtained when averaging over 
all visits, although the difference between 
the two groups was not statistically signif¬ 
icant (p = 0J6). 

Endpoint results for never smokers 

Table 7 gives the event rates by smoking 
status of wife and table 8 shows the relati ve 
risk estimates (for men who did not smoke 
whose wives smoked compared with those 
whose wives did not smoke) for the end- 
points death from any cause, coronary 
heart disease death, and fatal or nonfatal 
coronary heart disease event. 


Table 4 

Mean levels of thiocyanate (pmolfliter) at baseline and average over all visits for men who reported never 
smoking cigarettes , pipes, cigars , or cigarillos, by smoking status of wife at entry: Multiple Risk Factor 

Intervention Thai, 1973-1982 


Baaeline Avtn^e over all vuiu 

Smoking itatua of wife-— 

n Mean n Mr* 


Nonamoker 

878 

53.9 

704 

6.1. C 

Smoker 

264 

54.3 

212 

52.3 

1^19 cigarette*/day 

125 

54.0 

102 

51.6 

£20 cigarettes/day 

139 

54.6 

no 

52.9 


Smoker/nonsmoker difference 0.-4 (—3.7; 4.6)* 0.7 (—2.7, 4.0): 


p value for linear trend 
*95% confidence limit*. 


0.99 


0.55 


Table 5 

Mean ex p ired air carbon monoxide (ppm) at the third annual visit and average over all visits for men who 
reported never smoking cigarettes, pipes, cigars, or cigarillos, by smoking status of wife at entry: Multiple Ruk 

Factor Intervention Thai 1973-1982 _ 


Banking Arntm of wife 

Third ■nn.iial viait 

Average over aD iviaita 

n 


Mum 

n 

Mean 

Nonimoker 

828 


7,1 

780 

6.7 

Smoker 

244 


7.7 

228 

7.1 

1-19 cigarettea/day 

112 


7:7 

106 

7.1 

£20 cigarettea/day 

132 


7:8 

122 

7.2 

Smoker/nonamoker difference 


0.6 ( 0 . 2 , i.or 

I 

0.5 (0.2, 0.7 

) 

p value for linear trend 


0.03 


<0.01 



* 95% confidence limits. 
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Table 7 

Number of deaths from any cause and from coronary heart disease and fatal or nonfatal coronary heart disease 
events for men who reported never smoking cigarettes, pipes, cigars, or cigarillos, by smoking status of wife at 
entry: Multiple Risk Factor Intervention Trial, 1973-1982 


Smoking atatua 
of wife 

No. 

of men 

Death from 
any cauae 

Coronary heart 
diaaaae death 

Fatal or oonfatal 
coronary heart 
diseeae event 

Nonsmoker 

959 

19(2.83)* 

8 (1l19) 

48(7.28) 

Smoker 

286 

11 (5.55) 

5 (2,52) 

21 (10.81) 

1-19 cigarettes/day 

133 

3 (3.21) 

1 (1.07) 

8 (8.70) 

£20 cigarettes/day 

153 

8 (7.65) 

A (3.82) 

13(12.71) 

p value for linear trendt 


0.08 

0,04 

0.20 


* Rates per 1,000 person-years. 

t From Cox proportional hazards regression using number of cigarettes smoked per day by wife aa a covariate. 


Table 8 

Relative risk estimates, wife who smoked compared with wife who did not smoke, and their 95 per cent 
confidence intervals for men who reported never smoking cigarettes, pipes, cigars, or cigarillos: Multiple Risk 

Factor Intervention Trial 1973-1982 


Endpoint 

Relative risk 

p value 

95% confidence interval 

Death from any cause 

Unadjusted 

1.96 

0.08 

0.93-4.11 

Adjusted* 

1.94 

0.08 

0.91-4.09 

Coronary heart disease death 

Unadjusted 

2.11 

0.19 

0.69-6.46 

Adjusted 

2.23 

0.17 

0.72-6.92 

Fatal or nonfatal coronary heart disease 
event 

Unadjusted 

1.48 

0.13 

0.89-2.47 

Adjusted 

1.61 

0.07 

0.96-2.71 


•Adjusted:by Cox proportional hazards regression for age, baseline blood pressure, cholesterol* weight, 
diinka per week, and education. 

As of February 28, 1982, after an average married to nonsmokers (2.8 per 1,000 per - 
of seven years of follow-up, II of 286 men son-years). There is some suggestion of a 
married: to smokers had died (5.6 per 1,000 dose effect for the endpoint death from any 
person-years)icompared with 19 of 959 men cause, with 3;2 deaths per 1,000 person- 
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years in the category wife smokes 1-19 
cigarettes per day and 7.7 deaths per 1,000 
person-years in the category wife smokes 
20 or more cigarettes per day, although the 
test for a linear trend was not significant 
(p = 0.08). 

The numbers are small for the endpoint 
coronary heart disease death, but they fol¬ 
low the same pattern as those for the end¬ 
point death from any cause. The coronary 
heart disease death rate is 2.5 per 1,000 
person-years for those whose wives smoked 
compared with 1.2 for those whose wives 
did not smoke. The test for a linear trend 
was significant (p = 0.04). 

Among men with wives who smoked* 
there were 10.8 fatal or nonfatal coronary 
heart disease event endpoints per 1,000 per¬ 
son-years versus 7.3 per 1,000 person-years 
for those whose wives did not smoke. The 
event rate is higher for those whose wives 
smoked 20 or more cigarettes per day com¬ 
pared with those whose wives smoked 1—19 
cigarettes per day, although the test for 
linear trend for the endpoint fatal or non¬ 
fatal coronary heart disease was not signify 
icant. 

The relative risk estimates, for men 
whose wives smoked compared with men 
whose wives did not smoke, for the end¬ 
points death from any cause, coronary 
heart disease death, and fatal or nonfatal 
coronary heart disease event are 1.96 (p = 
0.08, 95 per cent confidence interval! (Cl) 


0.93-4.11), 2.11 (p - 0.19, 95 per cent Cl 
0.69-6.46), and 1.48 (p = 0,13* 95 per cent 
Cl 0.89-2.47), respectively. These relative 
risks did not change appreciably after ad¬ 
justing for other baseline risk factors. 

Endpoint results for oil nonsmokers 

Table 9 presents unadjusted and adjusted 
relative risk estimates, for men whose wives 
smoked compared with men whose wives 
did not smoke, for the endpoints death from 
any cause, coronary heart disease death, 
and fatal or nonfatal coronary heart disease 
event for all nonsmokers at entry'; non- 
smokers included never smokers and ex¬ 
smokers who quit prior to entry into the 
study. For the endpoint death from any 
cause, the relative risk estimate is 1.72, 
which differs significantly from 1.0 (p = 
0.01, 95 per cent Cl 1.12-2.64). For the 
endpoints coronary heart disease death and 
fatal or nonfatal coronary heart disease 
event, the relative risk estimates are 1,45 
(p = 0.25* 95 per cent Cl 0.77-2.73) and 
1.19 (p = 0.29, 95 per cent Cl 0.85-1.65), 
respectively. As with the analysis restricted 
to never smokers, adjusting for baseline 
risk factors did not change the relative risk 
estimates. 

Endpoint results by smoking exposure on 
the job 

Only a limited amount of information 
was collected about exposure to tobacco 


Table 9 

Relative risk estimates, wife who smoked compared with wife who did not smoke, and their 95 per cent 
confidence intervals for norumoken*: Multiple Risk Factor Intervention Trial, 1973-1982 


Endpoint 

Reliuve risk 

p value 

96% confidence interval 

Death from any cause 

Unadjusted 

1.72 

0.01 

1.12-2.64 

Adjusted! 

1.79 

<0.01 

1.17-2.76 

Coronary heart disease death 

Unadjusted 

1.45 

0.25 

0.77-2.73 

Adjusted 

1.59 

0.15 

0.84-3.02 

Fatal or nonfatal coronary heart disease 
event 

Unadjusted 

1.19 

0.29 

0.85-1.65 

Adjusted 

1.32 

0.10 

0.95-1.84 


* Include* both never smokers and ex -smoker* who quit prior to entry into the trial, 

t Adjusted by Cox proportional hazards regression for age, baseline blood pressure, cholesterol, weight,, 
drinks per week, education, and past smoking history. 


F 
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smoke on the job. The participants were 
asked the smoking status of most of their 
coworkers. Of 1,237 never smokers, 906 
(73.2 per cent) reported that most cowork¬ 
ers were smokers, and 331 (26.8 per cent) 
reported that most coworkers were non- 
smokers. The relative risk for the endpoint 
death from any cause, for men whose co¬ 
workers smoked compared with men whose 
coworkers did not smoke, adjusted for age 
and wife’s smoking status is 1.2 (p = 0.63, 
95 per cent Cl 0.5-1.8); For the endpoint 
coronary heart disease death, the relative 
risk is 2.6 (p— 0.23, Cl 0.5-12.7), and for 
fatal or nonfatai coronary heart disease 
event, the relative risk is 1.4 (p = 0'26j Cl 
0 . 8 - 2 . 5 )!. 

Because of the small number of deaths, 
the joint impact of a spouse who smoked 
and coworkers who smoked was estimated 
only for the endpoint fatal or nonfatai cor¬ 
onary heart disease event. The risks for the 
categories wife and coworkers who smoked, 
wife who smoked and coworkers who did 
not smoke, and coworkers who smoked and 
wife who did not smoke relative to the 
category wife and coworkers who did not 
smoke are 1.7 (p = 0.14, 95 per cent Cl 0.8- 
3.6), 1.2 (p = 0.75, 95 per cent Cl 0.4-3.7), 
and 1.0 (p = 0.99, 95 per cent Cl 0.5-1.9), 
respectively. 

Discussion 

To our knowledge, this is the first longi¬ 
tudinal study of the relation between pas¬ 
sive smoking and total and coronary heart 
disease mortality that has included mea¬ 
sures of other major risk factors, objective 
monitoring of smoking behavior in a well 
defined population at risk, and a careful 
unbiased ascertainment and evaluation of 
causes of death. Our findings, which sup¬ 
port the hypothesis that passive smoking is 
associated with an increase in morbidity 
and mortality among nonsmokers, are dis¬ 
cussed below. 

Thiocyanate levels did not vary by envi¬ 
ronmental tobacco exposure. This finding 
is similar to that reported by Friedman et 
al. (4). In other studies, conducted in smok¬ 


ing chambers, a direct dose-response rela¬ 
tion between exposure to tobacco and the 
cotinine levels in saliva, urine, and blood 
was found (12). Jarvis et al. (13) also found 
a positive correlation between urinary co¬ 
tinine levels and self-reported exposures to 
sidestream cigarette smoke. Similar find¬ 
ings using urinary cotinine were noted by 
Matsukura et al. (14) and Wald et all (15). 
In these studies, the differences in bio¬ 
chemical levels by environmental exposure 
were small compared with the differences 
between smokers and nonsmokers. For ex¬ 
ample, Wald et al. reported that the median 
urinary cotinine levels were 1,645 ng/ml'in 
cigarette smokers, 6 ng/ml in nonsmokers 
exposed to environmental tobacco smoke, 
and approximately 2 ng/ml in nonsmokers 
not so exposed. 

The increase in expired air carbon mon¬ 
oxide resulting from passive smoking is rel¬ 
atively small even if statistically significant 
and in and of itself is of relatively little 
biologic significance. The increase probably 
reflects exposure to environmental tobacco 
smoke (16). The half-life of expired air 
carbon monoxide is somewhat short, 
around four hours. The men may have been 
exposed to their wife’s tobacco smoke at 
home prior to going to the clinic for their 
annual examination or while traveling by 
car to the clinic. The differences in expired 
air carbon monoxide or blood carboxyhe¬ 
moglobin levels may have been substan¬ 
tially greater immediately after exposure to 
environmental tobacco smoke. The differ¬ 
ences presented here also may be conser¬ 
vative because of the fact that the smoking 
status of the participant’s wife was avail¬ 
able only at baseline. By the time carbon 
monoxide was measured, some wives who 
were smokers may have quit, while others 
who were nonsmokers may have restarted. 
This type of misclassification would tend 
to decrease any observed difference in car¬ 
bon monoxide. 

The health effects of exposure to low 
doses of carbon monoxide are not known 
at present. Earlier studies have reported 
that individuals with cardiovascular disease 
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(17, 18) have an adverse response to rela¬ 
tively low doses of environmental carbon 
monoxide. There has been controversy con¬ 
cerning these findings (19, 20), however, 
and the studies are currently being repeated 
in different laboratories. It is possible that 
transient elevations of carbon monoxide 
due to environmental tobacco smoke in 
high-risk individuals may be associated 
with an increased risk of heart attacks and 
perhaps cardiovascular deaths. The major¬ 
ity of sudden and unexpected deaths in the 
community occur at home (21). The acute 
precipitant of many of these heart attacks 
is unknown but could relate to certain in¬ 
door air pollutants. Occupational studies 
(20) of exposure to carbon monoxide and 
risk of heart attack have been equivocal in 
their results, as have community studies of 
the relation between ambient carbon mon¬ 
oxide and coronary heart disease mortality 
( 22 ). 

There have been a few studies of pulmo¬ 
nary function and exposure to passive 
smoking among adults (23-28), Three stud¬ 
ies in the United States (23), France (24), 
and Holland (25) have demonstrated de¬ 
creased pulmonary function among pas¬ 
sively exposed individuals, with usually 
about a 100-ml difference in FEV; between 
the passively exposed compared with the 
nonexposed nonsmokers. A study in Ha¬ 
gerstown, Maryland: (26), noted that 5 per 
cent of nonsmoking men not passively ex¬ 
posed and 7.1 per cent of those passively 
exposed had FEVj less than 80 per cent 
predicted (relative risk of 1.4). The relative 
risk was not statistically significantly dif¬ 
ferent from one. Forty families were iden¬ 
tified in a study of three communities in 
the United States in which the mother was 
a smoker and the father a nonsmoker (27). 
There was a statistically significant de¬ 
crease in the mean residual FEVj for the 
fathers married to women who smoked 
compared with those married to women 
who did not smoke. The effect was, how¬ 
ever, substantially reduced when the ex- 
smoking men were excluded. A recent re¬ 
port from the Federal Republic of Germany 


(28) also failed to demonstrate any effect 
of passive environmental tobacco smoke on 
pulmonary function among a relatively 
young occupational cohort. There was also 
no apparent effect from direct cigarette 
smoking on either the forced vital capacity 
or FEVj. Lebowitz et al. (29), in several 
studies in Arizona, have been unable to 
demonstrate any effect of environmental 
tobacco smoke on pulmonary function 
among adults who do not smoke. 

The approximate 100-ml differences in 
the FEV) at baseline as noted in table 6 are 
consistent with those of several of the other 
larger studies previously discussed (23-25). 
It is unlikely that the relatively small dif¬ 
ferences in pulmonary function in our study 
can contribute substantially to chronic ob¬ 
structive pulmonary disease or disability. It 
is possible, however, that there is a subset 
of individuals in whom a hypersensitivity 
to environmental tobacco smoke causes 
further progression of pulmonary disease 
and disability. 

The excess total and coronary heart dis¬ 
ease mortality and morbidity amonj' 
MRFIT men who were exposed to environ¬ 
mental tobacco smoke is further evidence 
of a potential serious health risk for a large 
segment of the nonsmoking population. In 
the MRFIT study, 23 per cent of the men 
who did not smoke were exposed at home 
to the environmental tobacco smoke of 
their wives (table 1). As noted, a study by 
Friedman et al. (4) has suggested that up 
to two thirds of nonsmokers are exposed to 
environmental tobacco smoke. At present, 
the number of cancer deaths in this study 
is too small to allow any evaluation of the 
relation between environmental tobacco 
smoke and specific cancer and other causes 
of death. 

Other studies have evaluated the relation 
between environmental tobacco smoke and 
lung or other cancers. Nearly all the cancer 
studies have been case-control studies (30- 
36). The cases have usually been lung or 
other cancers and the controls either hos¬ 
pital patients, community residents, or 
friends of the cases. Practically all the stud- 
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ies show a higher prevalence of exposure to 
passive smoking among the cases compared 
with the controls. The estimated odds ra¬ 
tios have generally ranged from 1.5 to 2.5. 
The largest prospective studies have been 
reported from Japan (37, 38) and the 
United States (39). In both studies, the 
populations at risk were predominantly 
women, and the exposure sources were 
spouses who smoked. The study in Japan 
by Hirayama (37, 38) demonstrated a con¬ 
sistent increased risk of lung cancer and 
other cancers among the nonsmoking wives 
of men who smoked. A smaller study among 
nonsmoking men as index subjects also 
demonstrated an increased risk of lung can¬ 
cer among men married to women who 
smoked cigarettes (40). 

Our findings on total and coronary heart 
disease mortality and morbidity are similar 
to those of two other studies. A study by 
Garland et al. (41) specifically related en¬ 
vironmental tobacco smoke to coronary 
heart disease. This study follbwed for an 
average of 10 years 695 married women* 
initially examined in 1972-1974, in a re¬ 
tirement community in California. The 
women were classified by the self-reported 
smoking status of their husbands at entry 
into the study. After 10 years, nonsmoking 
wives of current or former cigarette smok¬ 
ers had a higher ischemic heart disease 
death rate than nonsmoking wives of non- 
smokers. There were, however, only two 
ischemic heart disease deaths among the 
wives of the men who never smoked, 15 
among the wives of former smokers, and 
two among the wives of current cigarette 
smokers. There were no differences in age- 
adjusted all-cause mortality rates among 
the wives of never, former, or current cig¬ 
arette smokers. In the longitudinal study 
in Japan by Hirayama (40), the wives of 
men who smoked cigarettes also had higher 
coronary heart disease mortality rates. 

Several reasons for the higher overall 
mortality among the passive smokers have 
been considered. First, it is possible that 
some passive nonsmokers were actively 
smoking cigarettes. The careful chemical 


measurements at baseline and follow-up 
would almost certainly rule out this hy¬ 
pothesis in the MRFIT study. Practically 
all cigarette smokers in the MRFIT study 
had thiocyanate levels over 100 pm ol/liter. 
Among the passive smokers, 7.5 per cent 
had thiocyanate levels over 100 ^mol/liter, 
compared with 7.3 per cent among the non¬ 
passive smokers. If some men were smok¬ 
ing, they were equally divided among the 
two groups. A second hypothesis is that key 
risk factors may be different among passive 
and nonpassive smokers. The risk factors 
in the MRFIT trial, sociahbehavioral, 
physiologic, and biochemical, were gener¬ 
ally similar between the passive and non¬ 
passive smokers. These have been further 
reviewed in detail by Martin et al. (42), 
Adjustment for these other risk factors did 
not decrease the relative risks associated 
with passive smoking. 

Third, certain other behavioral and so¬ 
cial factors may be different among passive 
and nonpassive smokers. There is an in¬ 
verse relation between education and other 
measures of social class and total coronary 
heart disease mortality (43), Similarly, 
there is an inverse relation between ciga¬ 
rette smoking and social class (44), Thus, 
it is more likely that passive smokers will 
be in the lower socioeconomic group. Ad¬ 
justment for education or other measures 
of social class in the MRFIT trial did not 
reduce the increased relative risk. It is pos¬ 
sible, although unlikely, that these adjust¬ 
ments did not completely deal with the 
potential differences in social and behav¬ 
ioral characteristics between the passive 
smokers and nonexposed men. More de¬ 
tailed analyses have failed to demonstrate 
other significant differences between these 
two groups. 

Fourth, the passive smokers at baseline 
may have been less likely during the trial 
to change important risk factors that were 
related to subsequent mortality and mor¬ 
bidity. Analyses of risk factor changes in 
table 2 do not support this hypothesis. 

Finally, follow-up was complete for all 
MRFIT men, and endpoints were assessed 
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without knowledge of passive smoking sta¬ 
tus. It is very unlikely that differential as¬ 
certainment of morbidity or mortality could 
account for the differences in mortality be¬ 
tween passive and nonpassive smokers that 
were noted; 

It is always possible that other unknown 
factors can explain the increased relative 
risk of morbidity and mortality among the 
passive smokers. The men were obviously 
not randomized to wives who smoked and 
to those who did not smoke. A man who 
did not smoke married to a woman who 
smoked may have had other unmeasured 
health behaviors that increased morbidity 
and mortality. The consistency of the re¬ 
sults of the current studies with many of 
the other case-control and longitudinal 
studies plus the biologic plausibility of the 
hypothesis based on biochemical measure¬ 
ments of exposure to environmental to¬ 
bacco smoke and knowledge of the pathol L 
ogy and physiologic changes suggest that 
passive smoking may result in an increased 
morbidity and mortality among non- 
smokers. 

Environmental tobacco smoke is a major 
indoor pollutant to which a substantial seg¬ 
ment of the population is exposed (45). 
Obviously, the most successful method of 
reducing environmental tobacco smoke 
would be the further reduction of active 
cigarette smoking in the population. On the 
basis of these data, a continued reduction 
in active cigarette smoking will have a ben¬ 
eficial effect on both the cigarette smoker 
and on the nonsmoking population. 
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/{£ 'EFFECTS OF PASSIVE SMOKING IN THE MULTIPLE RISK FACTOR 
INTERVENTION TRIAL’ 


a 4 t- 

NOTICE 
This material 1 may be 


Rued on the Multiple Risk Factor Intervention 
Trial data. Svendken et aJ. (l) have reported a relative 
risk of 1.72 for death from any cauae among male 
passive smokers Unale nonsmokers married to a smok¬ 
ing wife v». male nonsmoker mamed to a nonsmoking 
wife). This nak compares with a relative risk for male 
active smoking (male smokers vs. male nonsmokers) 
of 1.66, which we calculated from the Multiple Risk 
Factor Intervention Trial data (2). 

To the other explanations that may be offered for 
this surprising comparison, we wish to add an alter¬ 
native possibility that msy not occur to those who are 
not predispoaed to give cigarettes the benefit of the 
doubt. The effect measured by Svendsen et al. msy be 
caused by stress rather than by passive exposure to 
cigarette smoke. 

There is considerable evidence that psychologic 
stress is capable of increasing the risk of developing 
diseases that are major causes of death. Both Type A 
behavior and high levels of hostility have been shown 
in prospective studies of human populations to predict 
increased risk of coronary heart disease (3) and death 
due to all causes (4, 5). There is additional evidence 
from animal studies that behavioral stress and its 
physiologic concomitants promote the development of 
both cancer (6, 7) and coronary atherosclerosis (8). 

As we have previously argued (9). there are sub¬ 
stantial grounds for believing that nonsmoking 
spouses of smokers are subjected to stresses arising 
therefrom. Whilt the health authorities, given their 
convictions, have no honorable alternative, it is never¬ 
theless stressful to the nonsmoking spouse to be told 
constantly that the smoking spouse is “killing Herself 
(or himself)* by smoking cigarettes. Repeated at¬ 
tempts to persuade the spouse to give up smoking 
would be a source of contention and their failure an 
additional source of stress. 

Also, there is reason to believe that smokers are 
less supportive as spouses than nonsmokers, thus cre¬ 
ating s stress-related risk for their mate*. Current 
female smokers are nearly three times as likely to be 
divorced as women who have never smoked cigarettes 
(rate calculated from data in reference 10). In addition, 
it has been demonstrated from the Framingham Heart 
Study data (11) that occupations, ambition, and symp¬ 
toms of anger among wives were more strongly related 
to their husbands* coronary health outcomes than the 
husbands' conventional “risk factor*". 


of people to what is presumed by the investigators to 
be the only relevant average difference between them. 

If there is mem in the foregoing, it may also be 
true that the scientific community has been incorrect 
in attributing to smoking the mortality rate differ¬ 
ences so often reported for active cigarette smoker* 
compared with nonsmoker*. A hitherto undiscussed 
difference is that the constant admonitions that their 
smoking is “self-destructive’ must also be stressful to 
the smoker, while cessation of smoking may have a 
placebo effect. 
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More generally, the inference* drawn by Svendken Editor s Note In otrordancr u ith Journal poitcy. Dr Siendeen 
et al. may be an example of the error potential in et of trere mvtn the opportunity to respond to thu tetter but 
attributing a mortality difference between two group* choxe not to do « 


RE: 'ENVIRONMENTAL AND BEHAVIORAL DETERMINANTS OF FASTING 
PLASMA GLUCOSE IN WOMEN: A MATCHED CO-TWIN ANALYSIS' 


Over 45 year* ago, Ge*ell (1) described the method 
of co-twin control, an experimental method that was 
applied to the study of child development. Since mon- 
oxygotic co-twin* than environment a* children and 
are genetically identical, difference* between treated 
and untreated co-twin* were interpreted to result from 
treatment. Thu method wa* recently extended to con¬ 


tinuous outcome* in observational studies (2, 3). The 
method compare* associations in an unmatched sam¬ 
ple to associations within twin pair* (matched) to 
identify association* that are independent of familial 
variable* shared by co-twin*. The matched analyxu 
consists of a multivariate linear regression forced 
through a zero intercept with dependent and inde- 
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Figure 1l Rates for the non-linear age model, cal¬ 
culated in the same way as in figure 3 of Osmond artd 
Gardner (2). N 


models only “work" as a result of aggregation and 
making assumptions of constancy of effect within an 
interval! 

At present, ,we see two avenues for investigatory' 
who wish to try to estimate the separate linear effec* 
of age. period, and cohort: l) use a two+wav table and 
impose a linear constraint, ignoring the overlapping 
of cohorts: and 21 use the individual records approach, 
which i does not have the problem of overlapping co¬ 
horts. This approach will require a correction for 
potential bias brought about by the asymmetry’ in 
forcing the continuous data into a th/ee-wav table. 
Brown and ; Conelly (personal communication. 1988): 
Have informed us of some very interesting work they 
are doing in this area. 

Finally, in our published exprnplfe on the use of 
individual i records in the analysis of lung cancer and 
laryngeal cancer incidence iyScotland (3), the cohort 
effect is approximately quadratic and the time effect 
small but non-linear. Such effects cannot be induced 
by assuming a monotortfc increasing age effect alone. 
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RE: ‘EFFECTS OF PASSIVE SMOKING IN THE MULTIPLE RISK FACTOR 
INTERVENTION TRIAL’ 


iHfl 


Some of the health effects of passive smoking may 
be small] and are best investigated in large cohort 
studies of persons exposed over a long period] It is 
unfortunate that the analysis by Svendsen et al: (l')iof 
the unique data gathered in the course of the Multiple 
Risk Factor Intervention Trial! (MRFIT) study is 
flawed, and may introduce confusion about the role of 
passive smoking as a risk factor in cardiovascular 
disease, and does not allbw the investigators to fully 
explore the potential of passive smoking as a risk 
factor in other conditions. 

The Svendsen paper repeatedly tests the statistical 
significance of the difference between the same pro- 
port ionite), For example, table 7 shows that of the 
li,400 never smokers. 13 men died from coronary heart 


disease and 30 from any cause, and that there were 69 
fatal or nonfatal coronary heart disease events. Each 
group is examined for significant difference in propor¬ 
tions according to the wife's smoking status as if it 
were independent of the two other groups; in fact; the 
coronary heart disease death group is a subset of the 
two other groups, and its contribution to the calcula¬ 
tion of relative risk is thus taken into account three 
times in this table. The correct analysis would have 
compared “death from other causes" and “nonfatal! 
coronary heart disease events" with “death from cor¬ 
onary heart disease". 

The misuse of statistics is compounded in table 9, 
when the 2.222 ex-smokers are added to the 1,400 
never smokers (this is my assumption: no n s are 
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given): In this analysis, the 13 coronary heart disease 
deaths in the never smokers are again included and 
the proportions to which they contribute are tested 
foT statistical significance three more times The ap* 
propriate analysis would have examined only the 2,222 
ex-smokers in the same terms, as suggested for 
table 7. 

The reader who is interested in outcomes other 
than coronary heart disease death is forced to use 
guesswork to subtract this effect from the other data 
in the tables. For example, even though we are not 
told the numbers of men in table 9, the much lower p 
value for “death from any cause" than id table 7 
suggests that this difference is due to the contribution 
of the ex-smokers. Had these been analyzed sepa¬ 
rately, the difference in risk of“dfeath from any cause" 
between the erposed and nonexposed ex-smokers 
would probably have been even more markedi This 
would have suggested that the men who stopped smok¬ 
ing were especially susceptible to second-hand tobacco 
smoke. A presentation of the data that did not lump 


and overlhp the subsets of interest would Have made 
such speculation unnecessary. 

The study by Svendsen et all is presented as an 
exploration without hypothesis. This “bluried" analy¬ 
sis could have been avoided if this report had set out 
to investigate an explicit Hypothesis that specified the 
target group and the expected endpoint. Paradoxically, 
focussing in on a specific research question and follbw- 
ing the method appropriate to address that question 
often allows the researchers to isolate and investigate 
secondary or unexpected results more accurately. 
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Svenilsen et el. (II analyze data from the Multiple 
Risk Facibr Intervention Trial (MRFITl study and 
report the relative risks of various endpoint events for 
men who never'smoked in relation to spousal smoking 
They assert thattheir data provide “further evidence 
of a potential senoos health risk for a large segment 
of the nonsmoking potation" (1, p. 792), This con¬ 
clusion does not appear\o be supported by the data 
presented. y. 

Fot morbidity and mortality, the relative risks are 
not statistically significant, except for the “all deaths" 
category’ for the group combimng\iever smoked" and 
“ex-smoker" males. Since the relative risk for “coro¬ 
nary' heart disease deaths" was not significantly ele¬ 
vated for that group, the increased relative risk for 
“all deaths" requires some explanation before, the sta¬ 
tistics can be assumed to indicate a meaningful in 
crease in health risk related to spousal smoking 

While the statistics alone raise serious doubt abo) 
the conclusion of increased health risk for nonsmokers' 
exposed to environmental tobacco smoke based on 
spousal smoking, questions also need to be raised 
about the quality of the evidence on which the assess¬ 
ments are based, notably the nonhomogeneity between 
the groups based ion spousal smoking classification. 

The lack of homogeneity was implicit when adjust¬ 
ments were made for differences in some coronary 
heart disease risk factors, e.g., age, weight, blood pres¬ 
sure, and alcohol consumption, but there is no indi¬ 
cation that the adjustment included consideration of 
the additive effect of multiple risk factors, as has been 
demonstrated in numerous other studies, notably the 
Framingham Heart Study. There is no indication that 
other coronary heart disease risk factors, e.g., family 
history and exercise, were considered or adjusted for 
Differences in forced expiratory volume in one second 
(FEV,) among the groups were also cited. The numer¬ 
ous confounding coronary heart disease risk factors 


should not be disregarded, nor can statistical adjust¬ 
ments be made to eliminate their possible roles. Thus, 
while the MRFIT study was well designed to assess 
the effect of various interventions according to se¬ 
lected risk factors, it does not appear to have been 
designed to assess the environmental tobacco smoke 
exposure as a coronary 1 heart disease risk factor. 

Svendsen el a].. observe that men whose wives 
smoked had “significanth lower levels of pulmonary 
function at baseline" (1, p 76S) The authors fail,, 
however, to note and to interpret 1 the data intable 6. 
which shows FEV, levels for men whose wives smoked 
20+ eigarettes/day were markedly hipher than those 
of men whose wives smoked 1-19 cigarettes/day. both 
at baseline and averaged over all visits. With such a 
notable reversal of the dose-response relation* which 
must be demonstrated if causal inferences are to be 
supported, there seems to be little basis for suggesting 
the possibility of any relation between) pulmonary 
function and spousal smoking from this study. 

The weakness of the evidence thus raises important 
qi>*stions about the conclusion that "passive smoking 
is associated with an increase in morbidity and mor¬ 
tality among nonsmokers" ('1, p. 791). There is cer¬ 
tainly nK convincing demonstration that spousal 
smoking constitutes a “potential serious health risk" 
for any segmeh^ of the nonsmoking population. 
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given). In this analysis, the 13 coronary heart disease 
deaths in the never smokers are again included and 
the proportions to which they contribute are tested 
for statistical significance three more times. The ap¬ 
propriate analysis would have examined only the 2,222 
ex-smokers in the same terms, as suggested for 
table 7. 

The reader who is interested in outcomes other 
than coronary heart disease death is forced to use 
guesswork to subtract this effect from the other data 
in the tables. For example, even though we are not 
told the numbers of men in table 9, the much lower p 
valtie for “death from any cause" than in table 7. 
suggests that this difference is due to the contribution 
of the ex-smokers. Had these been analyzed sepa¬ 
rately, the difference in risk of “death from any cause" 
between the exposed and nonexposed ex-smokers 
would probably have been even more marked. This 
would have suggested that the men who stopped smok¬ 
ing were especially susceptible to second-hand tobacco 
smoke. A presentation of the data that did not lump 


and overlap the subsets of interest would have made 

such speculation unnecessary. 

The study by Svendsen et al is presented as an 
exploration without hypothesis This “blurred" analy¬ 
sis could have been avoided if this report had set out' 
to investigate an explicit hypothesis that specified the 
target group and the expected endpoinu Paradoxically, 
focussing in on a specific research question and follow¬ 
ing the method appropriate to address that question 
often allows the researchers to isolate and investigate 
secondary or unexpected results more accurately. 
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Svendsen et al. (V) analyze dku from the Multiple 
Risk Factor Intervention Trial (MRFlTl study and 
report the relative risks of various endpoint events for 
men who never smoked in relation to spousal smoking. 
They assert that their data provide “further evidence 
of a potential serious health risk for a Urge segment 
of the nonsmoking population" (1, p. 792). This con¬ 
clusion does not appear to be supported by the data 
presented. 

For morbidity and mortality, the relative risks are 
not statistically significant^ except for the “all deaths" 
category for the group combining “never smoked" and 
“ex-smoker” males. Since the relative risk for “coro¬ 
nary heart disease deaths" was not significantly ele¬ 
vated for that group, the increased relative risk for 
“all deaths" requires some explanation before the sta¬ 
tistics can be assumed to indicate a meaningful in¬ 
crease in health risk related to spousal smoking. 

While the statistics alone raise serious doubt about 
the conclusion of increased health risk for nonsmokers 
exposed to environmental tobacco smoke based on 
spousal smoking, questions also need to be raised 
about the quality of the evidence on which the assess¬ 
ments are based, notably the non homogeneity between 
the groups based on spousal smoking c Us si fi cation. 

The lack of homogeneity was implicit when adjust¬ 
ments were made for differences in aome coronary’ 
heart disease risk factors, e.g., age, weight, blood pres¬ 
sure, and alcohol consumption; but there is no indi¬ 
cation that the adjustment included consideration of 
the additive effect of multiple risk factors, as has been 
demonstrated in numerous other studies, notably the 
Framingham Heart Study. There is no indication that 
other coronary heart disease risk factors, e.g., family 
history and exercise, were considered or adjusted for. 
Differences in forced expiratory volume in one second 
(FEV,) among the groups were also cited. The numer^ 
ous confounding coronary heart disease risk factors 


should not be disregarded; nor can statistical adjust¬ 
ments be made to eliminate their possible roles. Thus, 
while the MRF1T study was well designed to assess 
the effect of various interventions according to se¬ 
lected risk factors, it does not appear to have been 
designed to assess the environmental tobacco smoke 
exposure as a coronary heart disease risk factor 

Svendsen et al observe that men whose w-ives 
smoked had “significantly lower levels of pulmonary 
function at baseline" (1, p. 788) The authors fail: 
however, to note and to interpret the data in tabU-6. 
which shows FEV,,levels for men whose wives smoked 
20+ cigarettes/day were markediv higher than those 
of men whose wives smoked 1-19 cigarettes/day. both 
at baseline and averaged over all visits With.such a 
notable reversal of the dose-response relation; which 
must be demonstrated if causal inferences are to be 
supported, there seems to be little basis for suggesting 
the possibility of any relation between pulmonary 
function and spousal,smoking from this study. 

The weakness ofthe evidence thus raises important' 
questions about the conclusion that “passive smoking 
is associated with an increase in morbidity and mor¬ 
tality among nonsmokers" (1, p. 7911 1 There is cer¬ 
tainly no convincing demonstration that spousal 
smoking constitutes a “potential serious health risk" 
for any segment of the nonsmoking population. 
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228 LETTERS. TO THE EDITOR 

X THE AUTHORS REPLY 


Dr. Morgan (Instates that our investigation was 
not initiatedwith an explicit hypothesis. Quite the 
contrary. This research investigation (2) within the 
Multiple Risk Factor Intervention Tnal{MRFIT) was 
carefully planned and undertaken because of the grow¬ 
ing body of evidence that environmental tobacco 
smoke is a health hazard to nonsmokers. Reports that 
document exposure of nonsmokers to environmental 
tobacco smoke, such as elevated carboxyhemoglobin 
or cotinine in exposed persons, as well as reports of a 
possible relation between environmental tobacco 
smoke and diseases such as lung cancen pulmonary 
disease, and coronary heart disease prompted this 
investigation. An advantage of large scale clinical! 
triali is that data are often collected which can be 
used to investigate other research questions. Our re¬ 
search hypothesis was formulated to utilize data that 
were collected in the MRFIT for another purpose The 
MRFIT group had collected data on smoking habits 
of wives for all of the 12.866 participants prior to this 
study of the relation between environmental tobacco 
smoke and disease. These data were collected not 
because of an interest in environmental tobacco 
smoke, but rather because we believed the wife’s smok¬ 
ing behavior might impact the participant’s ability to 
change risk factors, in particular, the ability to quit 
smoking for participants who were smokers. 

The endpoints presented in our paper—coronary 
heart disease (CHD) death, fatal or nonfatal CHD 
event, and death from any cause—were the endpoints 
used: for the primary’ MRFIT trial. Dr. Morgan is 
correct in observing that the CHD deaths are counted 
when considering the endpoints fatal or nonfatal ICHD 
event and death from any cause The intent was not 
to repeatedly test the difference between the same 
proportions, but to investigate if the smoking behavior 
of the participant’s wife was related to these major 
MRFIT endpoints defined 8t the beginning of the 
study. 

The focus of our paper <2> was on M RFIT men who 
had never smoked tobacco products. We repeated the 
table of relative risk estimates for all nonsmokers 
(which included never smokers and ex-smokers who 
quit prior to entry into the MRFIT) to provide data 
for comparisons with; other studies which may not 
have such detailed lifetime smoking histories. The 
lower p value for the endpoint “death from any cause” 
in table 9 primarily reflects increased sample size and 
not strength of association The hypothesis that the 
relative risk for this endpoint would be higher if the 
ex-smokers were considered alone is fa lie. The relative 
risk is 1.60 (p - 0.08, 95 per cent confidence interval 
- 0.95-2.69). compared with 1.96 for never smokers 
(table 8) and 1.72 for all nonsmokers (table 9). 

Dn Katzenstein (3) suggests lack of homogeneity 
between the men who had never smoked tobacco prod* 
ucts whose wives smoked versus those whose wives 
did not smoke As noted in our paper (21 one of the 
strengths of the MRFIT data set was the large amount 
of information available regarding the biologic, social, 
and behavioral characteristics of the participants at 
entry to the trial. Baseline characteristics of men 
whose wives smoked and men whose wives did not 
smoke were similar as we noted in table 2 of our paper 
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and as observed by Martin et al, (4). The significant 
differences were men whose wives smoked weighed 4.2 
lbs (1.9 kg) more, consumed 2.1 more drinks per week, 
and had 0.5 years less formal education, than men 
whose wives did not smoke. Weight was not associated 
with coronary heart disease death or total mortality 
in the MRFIT study (5). Adjustment for baseline 
differences in weight, alcohol consumption, and edu¬ 
cation (used as a measure of socioeconomic status), as 
well as age, blood pressure, and cholesterol did not 
change the relative risk estimates appreciably. 

Clearly, however, not every variable that might 
possibly differ between the husbands of women who 
smoke and those who do not smoke were measured. 
There are almost certainly social and behavioral dif¬ 
ferences between a man who is a lifetime nonsmoker 
married to a woman who smokes, and a man married 
to a woman who also does not smoke, it is possible 
that a man who does not smoke married to a wife who 
smokes makes behavioral changes because of the habit 
of his wife which increases his risks of death, inde¬ 
pendent of the known toxic chemicals in the environ¬ 
ment from his wife’s cigarette smoke. The ideal study, 
randomizing nonsmoking men to smoking or non¬ 
smoking wives, cannot be done. 

We agree with Dr. Katzenstein that the lack of a 
dose-response relation makes the pulmonary’ function 
data weaker. The difference in FEV,. between men 
whose wives smoke 1-19 cigarettes per day and those 
whose wives smoke 20 or more cigarettes per day is 
not significant so the dose-response relation is lacking, 
not reversed; In view of our carbon monoxide and 
mortality findings, along with other studies referenced 
in our paper, we see no reason to alter our conclusions. 
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DONNAN, G.A., MCNEIL, J.J., ADENA, M.A. , DOYLE, A.E., O'MALLEY, 
H.M. AND NEILL, G.C., "SMOKING AS A RISK FACTOR FOR CEREBRAL 
ISCHAEMIA," THE LANCET . PP. 643-647, SEPTEMBER 16, 1989. 


This case-control study mainly focused on active smoking 
as a potential risk factor for stroke. However, in what the authors 
described as "preliminary findings" (p. 647), data were also given 
on' both spousal and parental smoking and stroke risk. Spousal 
smoking, but not parental smoking, was reported : to be associated 
with stroke risk. 


Exposure to smoking by a spouse was an 
independent risk factor for the whole group of 
cerebral ischaemia patients (relative risk 1.7 
[1.2, 2.6], but this was not so for smoking by 
) either parent (relative risk 1.2 [0.8, 1.8]i) . 

. . . The persistent nature of the risk even 

after cessation of smoking and the possible 
risk associated with passive exposure 
strengthens public health arguments against 
smoking. (pp. 643-644) 
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antibodies in SCLC patients without LES has to be further 
investigated in a larger population to better define their 
possible pathogenetic role. None of the myasthenic patients 
tested had anti-VOCC antibodies, whereas ]i LES patient 
had also antinicotinic receptor antibodies, which suggests 
the possibility of a combined myasthenic syndrome, 1 at least 
at the immunochemical level) Use of this new’ immunoassay 
to screen a larger number of mvacthenia gravis patients will 
allow’ the detection of cases in which LES occurs together 
with myasthenia gravis. 

Antigenic modulation is a oommon mechanism by which 
anti-receptor antibodies down^rcgulate the number of 
receptors expressed at the cell surface, and this effect is 
important for explaining the biological and clinical activity 
of the autoantibodies * LES antibodies clearly recognise 
antigenic determinants on the VOCG which are “epetema!” 
to the site where coCTx binds, since, for the purpose of the 
immunoassay, this site was alteady occupied by the toxin. 
Furthermore, ,LES autoantibodies were not able to directly 
inhibit 12s l-(oCrx binding to IMR32 membranes. However, 
LES antibodies were able to dowm-regulate the expression 
of VOCCs in IMR32. This effect was highly specific with 
respect' to other' membrane molecules such as the a-Bgxx 
receptor. However, we cannot exclude the possibility that 
different patients synthesise different antibodies with 
different specificities and mechanisms of action, as in the 
case of antibodies against nicotinic receptors in myasthenia 
gravis. 

We thank Dt V. A. Lennon for allowing us to perform the bhnd 
experiment, for the permission to use these resulii, and for help with the 
manuscript, ; Dr L. Rosenthal for helping to improve the paper, Prof G. 
Fumagaib for his cnocai suggestions: Dr F. Baggi for help with annrucotanic 
receptor antibody assays; and Mr P. Tinctli for technical collaboration. 

This wort was partly funded by the CKR Special Proiect ‘ r N*eurob(olog> " 

All ooTTrspondence should be addressed to E. S., CNR Center of 
Cyiopharmacolog:., Via Vamnrii: 32, 20129 Milan, Itali. 
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CEREBRAL ISCHAEMIA 
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Summary To assess whether a rigorous clinical 
classification, based on computerised 
tomography, of patients with cerebral ischaemia would 
identify subgroups at higher or Icwer risk with irespeci to 
rigarene smoking habits, a case-control study was earned 
out on 422 cases of first-episode cerebral ischaemia matched 
forage and sex with 422 comm unity-based neighbourhood 
controls. Patients with ischaemic stroke due to extracraruaJ 
or intracranial vascular disease were at higher nsk from 
smoking than has previously been reported for stroke 
(relative risk 5 7, 95% confidence interval 2 8,12 0) whereas 
those with stroke due to cardiac embob had!no excess risk 
associated wnth smoking (relative risk 0 4 [0 1, 18]). After 
cessation of smoking, the relative risk declined gradually 
over 10 years, at the end of wdiich tune a significant risk was 
still evident; This finding may imply that the risk incurred 
by, smoking is due mainly to atheroma formation,; rather 
than transient haematological effects. Exposure to smoking 
by a spouse was an independent risk factor for the whole 
group of cerebral ischaemia patients (relative risk 1-7(11, 
2 J 6]), but this was not so for smoking by either parent (relative 
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nsk 1 -2 [P-8,1 8]D. Tnrse findings suggest that smoking is a 
more poient risk faaor for the most common form of 
ischaemic stroke than has previously been appreciated. The 
persistent nature of the risk even after cessation of smoking 
and the possible nsk associated with passive exposure 
strengthens public health arguments against smoking: 

Introduction 

The clinical ipicrure of stroke can be produced by several 
pathophysiological mechanisms, the most important of 
which are atherothrombotic brain infarction, intracerebral 
haemorrhage, and subarachnoid haemorrhage. Before the 
development of computerised tomography (CT), the 
diagnosis of undifferentiated “stroke” was often 
contaminated!by other causes of acute, focal neurological 
deficits, such as cerebral neoplasm, subdural haematoma, 
and cerebral abscess. Furthermore, the discrimination 
between pathophysiological subtypes was difficult. CT 
scanning, now established as a routine diagnostic procedure 
in most developed countries, provides an accurate and 
non-invasive means of subgrouping stroke types. 

Risk factors for stroke have been identified in various 
epidemiological studies. Mosi were earned out before CT 
became available and attributed hypertension and ageing as 
the primary antecedents. 1 * Cigarette smoking, which i is 
associated with atheroma generation elsewhere in the body,, 
has been less consistently implicated as a major risk faaor for 
stroke, although the latest studies have shown a more 
convincing association. vr 

Our aim i was to examine the nsk relaoon between 
cigarette smoking and subtypes of cerebral ischaemia whose 
pathogenesis is related to atherosclerotic change in major 
cranial and extra crania] blood vessels. The hypothesis 
examined was that, without the possible diluting effea of 
cerebral haemorrhage and other nan-thromboembolic 
causes of stroke, the stroke risk associated with cigarette 
smoking would be greater than that reported previously and 
that there may be subgroups with very high nsk. We also> 
took the opportunity to examine the effects of stopping 
smoking on any observed risk for cerebral ischaemia,, 
together withi any independent nsk which may, be 
armbutablt to smoking among other family members. 

Patients and Methods 

Nurse-interviews identified cases of acute cerebral ischaemia in 
four major hospitals serving the north-eastern region of Melbourne 
between 1985 and 1988, These hospitals manage most such cases in 
this area, the exception being the very old, who may be managed at 
home, in smaller private hospitals, or in nursing homes. 

Paoents were enrolled in the study if the clinical event 'was their 
first episode of cerebral ischaemia. Patients who died were included 
in the study by interview of closest relatives. The duration of 
cerebral ischaemia was defined to range from 24 h or less (transient 
ischaemic attack fTIA]) to a permanent deficit (cerebral infarction): 
There was no age restriction for study entry. CT scans were carried 
out on 98% of cases within 10 days of hospital admission: Those 
who did not receive CT scans were elderly, in a moribund state on 
admission, had cerebral ischaemia diagnosed on clinical grounds by 
the srunering nature of the progressive deficit, and died shortly 
afterwards. Pabents in whom cerebral haemorrhage was shown on 
CT were excluded from the study. 

Patients were asked to take pan in a study of previous diet and 
lifestyle factors A structured questionnaire was used to record 
informabon about personal characteristics, habits such as cigarene 
smoking, alcohol consumpbon, past dietary and exercise practices, 
and medical history (including that of treaied hypenension). A 


detailed list of currem and past drugs was used to validate 
information about medical history The section of'the questionnaire 
about smoking sought information on currem consumption, 
previous consumption in decades, type of cigarene, cigar, or pipe 
smoked, and degree of inhalaoon. The ume since stopping smoking 
was recorded in periods of2 years and then,5'years from the list' 
cigarette to increase the reliability of recall For the effects of passive 
smoking among other family members, paoents were asked 
whether mother, father, or spouse smoked as many as 1 agareneper 
day, for as long as I year and, if seq what was the highest number 
smoked regularly for as Ibng as llycar. The laner was recorded as 
agarenes per day in amounts of 10. 

Controls were matched individually by age ('± 5 years) and sex 
and were identified by knocking on doors in the same street' 
(according to a strict protocol; until a household with a matching 
indinduaJ free of previous cerebrovascular disease was found. 
TXTien an identified control was absent from the household,,the 
interviewer returned on at least two further occasions to attempt' 
contact. About 10% of idenbfied control* refused to participate or 
oould not be contacted and in these cases the next suitable 
neighbourhood control was chosen: 

Each case and matching control were interviewed iby the same 
nurse-imemewer. Only 1% of cases refused interview. In 
approximately 20% of cases communication was restricted and the 
closest available relative was interviewed, the closest available 
reliove ofl the; matched control was interviewed i to avoid 
information bias. Most paoents were interviewed whilem hospital, 
but about 5% were interviewed at home because of rapid discharge 
from hospital. 

The relative risk of cerebral ischaemia was estimated for subjects 
in various categories of smoking history, wuh the group who had 
never smoked as the reference category Initially, unadjusted 
relative risks were calculated with paired data and then potentially 
confounding variables were controlled for by means of a condioonal 
logisuc regression model * Estimates of the relative nsk associated 
wuh smoking were then made for the various categories of cerebral 
ischaemia with correction for hypenension and the small!residual 
effect of age. 

Definitions 

Smoking categories .—\Te defined an ever smoker as a person who 
smoked at least' 1 cigarette, cigar, or pipe per day for at ifcasi 3 
months at some period during his or her lift, a current smoker as a 
person smoking at least h cigarene, cigar, or pipe per day for the 
preceding 3 months, and an ex-smoker as a person i who met the 
critena for an ever smoker, but had not smoked for the preceding 3 
months The category never smoked included people who were not 
current smokers and Iwho did riot meet the entena for ex-smoker or 
ever smoker. 

Cerebral ischaemia was defined as acute onset of a focal 
neurological defiat in which CT scan excluded causes other than 
cerebral ischaemia; the duration of ischaemia could be 24 h or less 
(TIA), or longer than 24 h (cerebral infarction). 

Lacunar syndrome was acute onsetof one of the five recognised 
lacunar syndromes* (pure motor hemiplegia, ataxic hemiparesis, 
dysanhna clumsy hand syndrome, sensorimotor stroke, and pure 
sensory stroke) in which CT had excluded underlying cerebral 
haemorrhage. In many cases the sue of infarction was identified on 
CT scan, but this was not an absolute requirement for classification 
as a lacunar syndrome. 

Thromboembolic infarction was defined as acute onset of focal 
neurological defiat with documemaDon of the site of infarction on 
CT scan in either cerebral hemispheres or hind brain, in which the 
mechanism of infarction was attributed lo Urge vessel extracranial 
or intracranial vascular disease. 

Cardiac embolic cerebral mfarenem was the acute onset'of a focal 
neurological deficit in which the site of infarction, had been 
documented on CT scan in the presence of atrial fibrillation, 
myocardial infarction within the preceding 3 weeks, or. 
cardiomyopathy. In some cases cerebral angiography or non- 
invasive studies of the extracranial circulation were done to help 
exclude carotid occlusive disease as a causal mechanism, bui this 
was not an absolute requirement.. 
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TABLE 1—AGE DISTRIBUTION OF 422 CASES AND CONTROLS 


Age \n: 

Cases 

Comrols 

<4C 

16 

17 

40-44 

11 

14 

45-49 

15 

17 

50-54 

22 

21 

55-59 

35 

37 

6CC64 

70 

66 

65-69 

75 

87 

70-74 

98 

87 

75-79 

61 

51 

£80' 

19 

25 


Cerebral infarct sue or mechanism uncertain —This group had 
acute onset of a focal neurological ddfiat in which the site of 
infarction or the mechanism of its genesis was unclear bui causes 
other than vascular causes were excluded by CT scan. 

Hypertension was defined as a history of hypertension 
documented by a medical practmoner or curreni use of 
antihypertensive drugs recorded at interview. 

High, cholesterol was defined as a plasma concentration of 5 5 
mmol 1 or greater. 

Results 

The 422 consecutive padents and their matched controls 
were of mean age 65 years (range 25-85 in patients, 20-87 in 
controls; table l); There were 256 men and 166 women in 
each group; The relaove nsk (crude) of cerebral ischaemia 
for aU factors which might have a confounding effect on 
smoking as a nsk factor are shown in table n. These factors 
were controlled for by means of multiple logistic regression 
analysis. 9 Smoking, hypertension, and a history' of 
myocardial infarction were significant and independent risk 
factors, whereas altohol consumption seemed to have a 
modest but significant protective effect. Since adjustment 
for all risk factors madt little additional difference to the 
overall relative risks, adjustment for hypertension and age 
only was made for the rest of the analysis. Hence, the relative 
risk of cerebral ischaemia was 3-7 (95% confidence interval! 
[Cl] 2*3, 5-9) for current smokers and 2 0 (:li-3, 31) for 
ex-smokers,, both compared with those who had never 
smoked (adjusted for age and hypertension only). Both risks 
were significant' (x 2 = 30 0 and 11 ■(); respectively, each for 1 
degree of freedom [df]lp <0*001 and p <0 01). In women 
the risk for current compared with never smoking was 3 2 
(16, 6 6); whereas in men the risk was slightly higher (3 8 
[2 1, 7-0]); this difference was not significant Ox 2 - 0 1 for 1 
df. NS). Similarly, there wasno difference between the sexes 
for ex-smoking risk (relative risk for men 1*8 [IT, 3 1] and 
women 3 0 [U3,71]; x 3 - 1*0 for 1 df, NS). 

The stroke risk was greatest in the group aged 55-64 years 
and the risk of stroke was significantly higher for current 
smokers under the age of 65 years than for those of 65 years 
or older (relative risk 6-8 [3 1,15 0] vs 2-4 [1 2,4 3]; x 2 = 4*8 
for 1 df, p < 0-05). However, when the two groups in which 
smoking was not a risk factor (cardiac embolic and cerebral 
infarct with site or mechanism uncertain) were excluded 
from the analysis the difference was no longer apparent 
(X 2 - 3-3 for 1 df, NS). The mean ages of the cardiac embolic 
group (69 years) and the cerebral infarct, site or mechanism 
unknown group (68 years) were greater than that of the other: 
groups (64 years). 

There was a positive dose-response effect in that the risk 
of stroke among current smokers rose with the amount 
smoked. Two current smokers of the same age and 
hypertension status and whose daily consumption differed 
by one pack (20 cigarettes per day) were estimated to have a 


TABLE 11—CRUDE ANT) ADJUSTED RISKS OF CEREBRAL ISCHAEMIA 
FOR ALL FACTORS EXAMINED BY MULTIPLE LOGISTIC 
REGRESSION 


._ 

N6 

%,+ 

Estimated nsk 

Cases 

Control:. 

Crude ! Adjusted '95% Cl ^ 

Current smoker 

135 32% / 

78 >18%. 

32 j 3 6 '.2 2, 5-9., 

Ex-smoker 

145 34%, 

137 '32% ;. 

1-9 ; 2-0:1-3,3 2; 

Never smoked 

142 34% , 

207 <49% , 

1-0 i 10 

Hypertension j 

281 ‘67%, 

145 '34%; 

4 2 4 7 (3 2,6 8' 

High cholesterol 

45 - 14%.; 

37 ru%,. 

1-6' | 1 3 (0 7,2 5.. 

Myocardial infarction 

84 20% . 

50 <12%, 

1-9 j 1-6(1 0,25. 

Alcohol consumption!' 

j 252 '68%; 

274' (73% r 

0 6 j 0-6(0 4, 1 o; 

Oral comracrpovest I 

311 ' 19%, 

39 (23% r 

1-0 09(0-4,2-6) 


*Of subjects whose nsk factor sums was known 
TYes or no 

JIndudes past as well as present use 
§Adlusted for all other nsk factors. 


risk differing by 21 (I T, 3 8; x 2 f° r linear trend = 6 7 for 1 
df, p < 0-010. 

The distribution of patients within each category* of 
cerebral ischaemia with reference to smoking sums is shown 
in table Hi. For current smokers, the greatest effect on stroke 
risk was for thromboembolic and lacunar stroke combined, 
the relative nsk in this group was 5 7 (2-8,12 0; yf = 25 0 for 
1 df, p <0-001); Patients with lacunar stroke albne had the 
highest relaove nsk associated with current smoking of all 
subgroups (infinite [3-0, infinity]); this risk was significantly, 
higher than that for all other groups combined (x : = 7.-7 for 2 
df, p <0-05), but only 10 matched pairs were available for 
analysis (the analysis method ignores pairs in w*hich smoking 
sums of case and control are the same) and this result should 
therefore be interpreted with caution. There w*as no risk 
associated with either current smoking or ex-smoking in'the 
patients with cerebral infarction presumed to be due to 
cardiac emboli and patients in whom the site or mechanism 
of infarction was uncertain (table HI)j However, current' 
smoking was a significant risk factor for TIAs (5 2 [2 1, 
13-0]fx 3 = 130 for 1 df, ; p <0-001); 


TABLE III— NUMBERS OF PATIENTS AND MATOffiD CONTROLS IN' 
EACH CLINICAL SUBGROUP OF CEREBRAL ISCHAEMIA V1TH 
RESPECT TO SMOKING STATUS AND RELATIVE RISKS 






Relieve nsk 
i ofcrrebral 

Subgroup 

Current 

smokers 

Ex-smokers 

Never 

smoked! 

ischaemia* 

(95% Cl* 

TIA t n — 120, 

Cases 

35 29% ! 

53 <44% 

32 <27% . 

5 2 (2'I' 13 0} 

Controls 

21 <18%; 

42 <35%,. 

57 <47%, 


Thrcwnbocmbolii 
(n- 163/ 

Cases 

59 '36% ; 

54 <33% , 

50 <31% < 

5-0(2 3, 1) 0} 

Controls 

36 l 22%r 

49 <30% ;. 

78 <48%, 


Lacunar rn - 56/ 
Cases 

25 '45%; 

13 <23%;. 

18 < 32%; 

Inf*(3 0, Inf 

Controh 

7 tJ3% ; 

19 <34%. 

30 <54 % , 


Corduu embohe 
(n “46/ 

Cases 

7 <15% t 

14 <30%.,, 

25 - 54% ■ 

04 (O'M 8;: 

Controls 

8 <17%, 

15 <33% ; 

23 50%; 


Suemtchamrm 
uncertain <n m: 37.;. 
Cases 

9 <24%, 

11 <30%, 

17 >46% < 

0 9 (0 2. 3 5) 

Controls 

6 <16% , 

12 >32% ,. 

19 51% 


Total 

Cases 

135 32% , 

145 f 34% . 

142 34% 


Controls 

78 18% 

137 <32% , ■! 207 <49% 1 

i i 



•Current w never smoked 
Inf * infinity 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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Relative mk foT cach .interval with 95% Cl. 


TC'hen the period since stopping smoking was divided into 
five interval^ up to 10 years after stopping, a trend towards 
reduction in relative risk was seen (see accompanying 
figure). However, this trend was not significant (x 2 - 0 5 for 
1 df s NS) and an appreciable risk was sdlJ apparent after 10 
years. 

The effea of passive smoking as a risk factor for cerebral 
ischaemia was assessed for each parent and for spouse. After 
control for the subjects* own smoking, hypertension, and'the 
residual effea for age, smokmg by die spouse increased the 
nsk of stroke 1 7-fold (T2, 2-6; X 2 ~7-8 for 1 df, p<0-01)i, 
whereas smoking bv a parent increased the risk 1 - 2-fold (0-8, 

1 -g- x 2 = V2 for 1 df, NS), The effea of a smoking spouse 
was slightly higher after exclusion of the two groups ini 
winch current smoking was not a risk faaor (cardiac embolic 
and site or mechanism unknown). The relative nsk for the 
remainder was 1 -9 (li-2, 3 0). However, because we thought 
the observed effea of smoking by the spouse could be 
explained by current smokers with a smoking spouse 
tending to smoke more than those without, a further control 
for daily cigarene consumption of current smokers was 
introduced, this control did not change the estimates of 
relative nsk for either parent or spouse. There appeared to 
be a positive dose-response efffca in that the nsk w-as 
increased by, 1-3 per pack smoked by the spouse per day (x 2 
for trend — 4-8 for 1 df, p<005). However, for never 
smokers only among the cases and marched controls, the 
relative nsk associated with a smoking spouse was slightly 
lower (1-6 [0-6,3-9]} x 2 = IT fori df,NS), perhaps because 
only 88:matched pairs remained Tor analysis, and smoking 
bv either parent was not a risk faaor (relative nsk 1 0, [0 5* 
2 ; J]); 

Discussion 

The large number of cases and the high diagnostic 
precision by use of CT scanning in 98% of our cases has 
allowed us to extend the findings of previous studies in 
several important ways. First, in this “pure” sample of 
patients with cerebral ischaemia, not contaminated with 
other forms of “Stroke”, the relative risk associated with 
smoking was somewhat higher than that in other cohort^* 
and case-control 5 - 7 studies. In four of those studies '"* the use 
of CT scan was infrequent or not stated and the possibility 
that; non-strokes as well as cerebral haemorrhages may have 
contaminated the sample is therefore higher. In the only 


case-control study in which the clinical and CT entry 
criteria were similar to our own, outpatient medical clinic 
rather than community -based controls were used* Medical I 
outpatient control groups are likely to be contaminated withi 
smoking-related diseases, which may partly account for the 
lower relative risk found in that study. Second,m the two 
most common forms of stroke due to extra c r a nial, or 
intracranial vascular disease (lacunar and thromboembolic 
infarction) the relative nsk associated with smoking was 
even higher, at five to six times that of those who had never 
smoked, and w-as of the same order of magnitude as created 
hypertension as a nsk faaor. Third, the large number of 
cases in our study has enabled us to examine the nature of the 
relation between smoking and cerebral ischaemia in more 
detail than has been possible previously, particularly the 
effects of age and stopping smoking. 

There are various mechanisms by which smoking may, 
increase the risk of cerebral ischaemia. Smoking is knowTi to 
increase platelet adhesiveness 10 and fibrinogen levels and 
therefore blood viscosity . 11 Cerebral blood flow is reduced in 
chronic smokers,^ perhaps because of the higher; blbod 
viscosity, but also vasculkr resistance may be greater because 
of the atherogenic properties of smoking. 15 

Our finding of an overall three to four times greater risk of 
cerebral ischaemia for smokers compared with non-smokers 
is similar to that reported for myocardial infarction, 14 and 
higher than the two to three times greater risk previously 
reported for “stroke”. 5 ^' The five to six fold increase in nsk 
for lacunar and thromboembolic infarction is closer to that 
reported for penphcral vascular disease, in w’hich one study 
reported an eighno nine fold increase in risk 1S In both 
myocardial infarction and penpheral vascular disease, the 
pathogenesis relates predominantly to atheromatous 
changes, so the similarly si2ed nsks.wnth pure forms of 
cerebral ischaemia would be expeaedi 

Examination of other subgroups in our study show-ed that 
smoking ts also a potent nsk faaor for TIAs. This finding 
confirms the general belief that cerebral ischaemia of brief or 
prolonged duration has a common underlying mechanism 
and hence similar risk fanors . The reason for the lack of nsk 
associated with smoking in the cardiac embolic group is 
uncertain, but a large proportion of this group had strokes 
secondary to amal fibrillation, a cardiac disorder which is 
not associated with smoking as a risk faaor.!*Th the site and 
mechanism uncertain group the risk associated with 
smoking was also negligible. This finding emphasises the 
importance of a precise classification of stroke subtypes, 
since the group would otherwise contaminate the more 
dearly defined lacunar and thromboembolic groups, 
AJthough numbers were small (56 patients), the finding of a 
highly significant nsk assodated with smoking in the lacunar 
group compared with all other groups combined suggests 
that further study of the effects of smoking on small cerebral 1 
vessd disease may be useful. In the only other study'to 
examine smoking as a risk faaor for lacunar infarction, 17 the 
relative risk was 2 3, but that srudy used hospital-based 
controls and current smokers were not analysed separately: 

Given the positive dose-response effea of smoking on risk 
of cerebral ischaemia and the likelihood that atherogenesis 
may be at least partly the reason for this, it was somewhat 
surpnsing to find that patients younger than 65 years were at 
greater nsk than those over 65 years. However, when the 
two groups in whom smoking was not a nsk faaor (cardiac 
embolic and site or mechanism uncertain groups) were 
excluded from the analysis, this differential in nsk wnth age 
w-as lost. This finding is most likely due to the greater age of 
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patients in i whom stroke was dtie to atrial I fibrillation in our 
study (69 years, compared with 64 years for the remainder), 
and the fact that smoking is not a risk factor for this rhythm 
disturbance 16 A significant risk differential with age for 
smoking and stroke has not been shown in previous studies, 
although i in a meta-analysis of all known published studies 
on smoking and stroke, a significantly reduced risk with 
increasing age was shown. 1 * In view of our findings, and the 
fact that pathophysiological subgroups of stroke were not: 
classified in most of the published studies, this effect in the 
meta-analysis may well be due to the unrecognised presence 
of elderly, patients with atrial fibrillation as a stroke 
mechanism. In other words, there may not be an age effect in i 
patients with cerebral infarction due to extracranial i or 
intracramaJ!vascular disease. 

The persistence of the risk of cerebral ischaemia for at 
least 10 years after stopping smoking w-as surprising^ since in 
the two cohort studies that addressed this question, 5 - 6 the 
risk was found to return to that of never smokers within 2-5 
years. However', in both those studies the number of patients 
who actually stopped smoking was much smaller and no' 
distinction was made berween cerebral haemorrhage and 
infarction in this part of the analysis. Since the known effects 
of smokmg on platelh'adhesiveness, fibrinogen levels, and 
blood viscosity are reversible within a short period, it seems 
likely that atherogenesis causes the persistence of risk as well 
as the major pan of nsk associated with current smoking. 

Tbe presence of a smoking spouse appeared to be an 
independent risk factor for cerebral ischaemia when all 
patients (smokers and non-smokers) were included in the 
analysis A positive dose-response effect was observed for 
this risk with the number of cigarettes smoked by the spouse 
and the risk was more evident when cerebral ischaemia due 
only to extracranial or intracranial vascular disease was 
analysed. However, for non-smokers alone, there was a 
similar: but non-significant increase in risk perhaps because 
of the restriction to few^er matched pairs in the analysis. 
Considering these two analytical methods together, it 
appears likely that passive smoking has a small effect. Since 
passive smoking is now such an important social issue, and 
has been shown to be a risk factor for non-smokers for other 
diseases 1 ’ our preliminary findings on this subject certainly 
warrant further study . 

This study was supported by a grant from the Tobacco Research 
Foundaoon of Australia. 

Correspondence should be addressed to G A D., Department of 
Neurology, Ausnn Hospitalj Heidelberg, Victoria 3064, Australia 
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PERCUTANEOUS CORONARY EXCIMER 
LASER ANGIOPLASTY': 

INITIAL CLINICAL RESULTS 
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VC'. VOELKER S. DUDA 

L. Seipel 

Medial! Ciimc, Department of Cardiology, 
Ebrthard-KartirUmvermy , Tutnngm, Federal Republic of 
Germany 

Summary A novel 13 mm diameter laser catheter, 
consisting of 20 concentric 100 pm quartz 
fibres around a central lumen for a 0 35 mm flexible guide 
wire, was used to ablate atheroscleronc tissue in thiny 
patients with coronary artery disease. The laser catheter was 
coupled to an excimer laser delivering energy at a 
wavelength of 308 nm and a pulsewndth of 60 ns. The 
primary success rate was 90% (27 of 30 lesions); The mean 
(SD; percentage stenosis fell from 85 (15)% to 41 (19)%: 
after laser ablation: In ten patients the lumen .diameter after 
laser angioplasty- was considered sufficient; but. subsequent 
balloon angioplasty was carried out for the other twenty 
patients. Failure to pass the lesion was caused by vessel 
kinking in two panents and a total occlusion lmone patient. 
No complications directly attributable to laser ablation, such 
as vessel wall perforation, occurred; one dissection occurred 
but had no clinical sequelae. There w-as one early 
reocclusion and death in a patient with triple vessel disease 
and unstable angina, probably as a result of plaque rupture 
after balloon angioplasty. These results are encouraging and; 
justify further clinical investigations. 

Introduction 

PERCUTANEOUS transluminal coronary angioplasty has 
been widelV accepted as treatment for coronary artery 
disease. 1 - 2 Restenosis, how-ever, greatly limits the clinical 
efficacy of balloon angioplasty. v5 The use of laser energy- 
transmitted through flexible fibreoptic fibres may be a 
possible adjunct or alternative to conventional angioplasty, 
because it removes atherosclerotic tissue or thrombus by 
vaporisation rather than by stretching and fracturing of the 
stenosis as in balloon angioplasty, 6 -‘ In-vivo studies have 
shown not only greater efficacy of laser-heated probes but 
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Buerger's disease Is an inflammatory condition leading 
to arterial occlusion in the peripheral vascular system. It has 
been reported to be strongly associated statistically with cigarette 
smoking:. Matsushita, et al. studied 4 0 Buerger's disease patients, 
all of whom had a smoking history. Using urinary cotinine levels 
as a marker, these patients were classified either as smokers, as 
"passive smokers" (i.e., as nonsmokers exposed to ETS) or as 
nonsmokers not exposed to ETS. 

When the progression or "aggravation" of the disease was 
examined retrospectively, it was reported to have worsened in seven 
of 10 of the smokers, in none of the nine "passive smokers" and in 
four of the 21 non-ETS-exposed nonsmokers. Among this last group, 
three of the four admitted to "active" smoking and the fourth 
reported exposure to ETS in the workplace. 

Statistical tests revealed that the course of Buerger's 
disease had significantly worsened in the smokers, relative to the 
other two groups. However, there was no statistically significant 
difference between the "passive smoking" and non-ETS-exposed group. 
Based on these data, the authors concluded that their results 
confirmed the relationship of "active" smoking with Buerger's 
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Urinary cotinine measurement in patients 
with Buerger’s disease—Effects of active and 
passive smoking on the disease process 

MLasahiro Matsushita, MD, Shigehiko Shionoya, MD, and Takatoshi Matsumoto, MD, 

Nagoya, Japan 

Although Buerger 3 ! disease is known to be closely related to smoking, no objective analysis 
of the smoke-associated problems has been performed. In this study, codninc, the major 
metabolite of nicotine, was used as a sensitive marker to measure levels of active smoking 
and the exposure of nonsmokers to tobacco smoke because tt has a relatively long half-life 
and because codninc levels can be determined by noninvasive means in urine. According 
to urinary cotinine levels, 40 patients with Buerger 3 * disease were classified as (1) smokers: 
those with urinary cotinine levels above 50 ng/mg creatinine; (2) passive smokers: those 
with levels between 10 and 50 ng/ing creatinine; and (3) nonsmokers who did not 
experience noticeable passive smoking: those with levels below 10 ng/mg creatinine. There 
were 10 smokers, 9 passive smokers, and 21 nonsmokrrs. The course of the disease, after 
the initial treatment at oar hospital, was studied retrospectively. Seven of the 10 smokers, 
none of the 9 passive smokers, and 4 of the 21 nonsmokers experienced aggravation of the 
disease. Of the four nonsmokers who experienced aggravation^ three had still been smokers 
and one had been exposed to tobacco smoke in the workplace at the time of relapse. There 
was a significant difference in the aggravation rate between the smokers 3 group and the 
other two groups. Among the smokers, the seven patients whose conditions worsened 
showed significantly higher cotinine levels than the three remaining patients who were in 
the stage of remission: The conclusions were: (1) a very dose relation between active 
smoking and the course of Buerger 3 ! disease was established, and (2) effects of passive 
smoking on the disease process were still inconclusive, (J Vasc Suae 1991;14:53-8.) 


Buerger’s disease is characterized by peripheral 
occlusion of the extremities most frequently 
Uv young adulr male smokers- 1 ' In general, all 
patients with Buerger’s disease have a history of 
smoking, and smoking is also known to be closely 
related to exacerbations of the disease. 1,1 The oudbok 
in regard to the effects on the limbs of a patient with 
Buerger’s disease is favorable if he stops smoking, but 
the disease gets progress ively-worse if he continues to 
smoke. 1,4 

However, we have occasionally found that the 
iiscrfsc recurred in patients who stated that they had 
abstained from smoking. Many of them may have 
Been lying about their smoking habits: some were 
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deemed to have denied themselves the pleasure of 
smoking but had been exposed to tobacco smoke in 
the home and workplace. Because there is no 
objective test to evaluate smoking, previous studies 
have had to depend on patients’ testimony of 
smoking habits. An objective method of evaluation of 
the degree of active and passive smoking is necessary 
to elucidate the relationship between smoking and 
Buerger’s disease. 

By measuring urinary concentration of cotinine, 
the major metabolite of nicotine, wc found a 
correlation between smoking and the natural course 
of Buerger’s disease in retrospective study. 

PATIENTS AND METHODS 

Urine samples were collected for measurement of 
nicotine and cotinine levels from 50 volunteers (23 
smokers and 27 nonsmokers) without noticeable 
passive smoking and whose statements of smoking 
histories were regarded as reliable. The time pattern 
of nicotine and cotinine excretion was studied to 
judge whether alkaloid is suitable as the marker for 
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smoking from chc standpoint of the half-life of 
cotinine in the human body. For this purpose, 
urinary nicotine and cotinine levels of a healthy 
nonsmokcr (cme of the authors) were measured after, 
he had smoked one cigarette and after he had been 
placed in a passive smoking environment. For our 
passive smoking experiment, the subject was placed 
in an airtight room (19.1 m s ) and exposed to 
side-stream tobacco smoke from a total of 40 
cigarettes for 3 hours. 

Urine samples from 40 patients with Buerger’s 
disease were collected (one for each case) when the 
patients came to our dink. Each patient 5 * statement 
about current smoking status and im’olunrarv expo¬ 
sure to smoking was requested at each visit. Our 
clinical criteria for the diagnosis of Buerger’s disease 
are: (l);hisrory of smoking; (2) onseT before the age 
of 50 years; (3) mfirapoplireaJ arterial ocdiisive 
disease; (4) either upper-limb involvement or phle¬ 
bitis migrans; and (5) absence of atherosclerotic risk 
factors other than smoking. The clinical diagnosis of 
Buerger’s disease was made when all five require¬ 
ments were met. 1 ** Infrapopliteal obstruction was 
confirmed by arteriography in each case, and arterio- 
graphic findings such as tapering or abrupr occlusion, 
corkscrew or rootlike appearance of collaterals, and 
corrugated appearance served as supporting evi¬ 
dence. All of the patients had a history of smoking 
efore the onset of the disease. At onset, the age of 
these 40 panents ranged from 26 to 49 years (mean, 
37 years). There were 38 men and 2 women. All 40 
patients had been treated in our institution for more 
than. 1 year, and their case histones were reviewed 
retrospectively. The initial treatments of these pa¬ 
tients were bypass grafting and syrnparhetectomy in 
2, bypass grafting in 4, sympatherecromy in 24, and 
medical treatment only in 10. The follow-up period 
ranged from 1 to 22 years, with a mean of 8.3 years. 
In case of recurrence of pain at rest, ischemic 
ulceration^ or graft failure (except early failure, less 
than 30 days), which were confirmed by follow-up 
surveillance, the patient was considered clinically to 
have “aggravation of the disease w 

Urinary nicotine and cotinine levels w ere deter¬ 
mined by high-performance liquid chromatography 
(HPLC) according to Mi2obuchTs method 4 with 
some modifications. We changed the extraction 
procedures in order to assess very low levels of these 
alkaloids. Urine samples were stored at - 20* C until 
analysis. Ten milliliters of urine was cemrifuged. 
Aftcr the addition of 4 gm sodium chloride, 0.1 ml 
25% ammonium hydroxide, and 2 ml chloroform, 
the urine samples were shaken for 10 minutes and 
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centrifuged at 12,000 rpm for 10 minutes. The 
chloroform layer was collected and then shaken with 
5 ml of 0.1 N hydrochloric add for 10 minutes and 
centrifuged at 12,000 rpm for 10 minutes. The 
resulting aqueous layer was shaken with 2 gm sodium' 
hydrochloride, 0.2 ml ammonium hydrochloride, 
and 1 ml chloroform, and then centrifuged at 12,000 
rpm. Fifty microlitcrs of this chloroform! layer was 
used for the HPLC. Average total recoveries were 
98% for nicotine and 85% for cotinine. The detec¬ 
tion Emits of nicotine and cotinine were 2 ng/ml and 
3 ng/ml, respectively. Urinary' nicotine and cotinine 
values were normalized by creatinine excretion and 
expressed as nanograms per milligram of creatinine. 

Statistical significance was assessed by Student’s 
t test or chi-square analysis, and the results were 
considered significant atp < 0.05. 

RESULTS 

For the healthy control subjects, urinary' nicotine 
levels were 576 ± 474 ng/mg creatinine (mean 
value ± standard deviation) in the smokers, and' 
5.2 i 3.8 ng/mg creatinine in the nonsmokers who 
did not have perceptible involuntary’ exposure to 
tobacco smoke (p < 0.01). Urinary cotinine levels 
for these two groups were also significantly 
different (859 ± 814 ng/mg creatinine in the 
smokers vs 5,6 ± 2.3 ng/mg creatinine in the non- 
smokers, p < 0.01). Urinary cotinine levels dis¬ 
criminated between the smokers and the nonsmokers 
more distinctly than nicotine levels. Therefore those 
with urinary cotinine itvels above 50 ng/mg creati¬ 
nine may be regarded as smokers (Fig 1), In 
smokers, urinary excretion of cotinine roughly cor¬ 
related to self-reported cigarette consumption (Fig. 
2). Fig 3 shows urinary* nicotine and cotinine levels 
in a healthy nonsmoker after he had smoked one 
cigarette and after he had been exposed to side-scream 
smoke. Urinary* cotinine elevation after active smok¬ 
ing lasted for 60 hours. The urinary cotinine level 
after passive smoking was lower compared with the 
kvcl after active smoking, but it showed the same rise 
and fall as the level after active smoking. The 
disappearance of nicotine from the urine was faster 
than that of cotinine. Because of this, only the urinary* 
cotinine level was used for studies on the patients. 

Fig. 4 shows the urinary cotinine levels in patients 
with Buerger’s disease. All three patients who con¬ 
fessed themselves ro be current smokers had cotinine 
levels that were higher than 50 ng/mg creatinine. Of 
the 37 patients w*ho asserted that they’ were nor active 
smokers, seven (19%) had cotinine levels above 50 
ng/mg creatinine. According to our definition, these 
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Fig. 1. Urinary nicotine levels flrft) and cotinine levels 
(right) of nonsmokers and smokers, in healthy control 
«objects. There were significant differences between the 
r./o groups (J> < 0.01). Cotinine kr\'cls discriminate be¬ 
tween smokers and nonsmokers more distinctly than 
nicotine levels do. 

seven patients were considered active smokers, 
whereas the other 30 patients were regarded as 
exsmokers. The 30 exsmokers were then divided into 
two groups, on the grounds of self-reported invol- 

:ry exposure to smoking. Urinary cotinine levels 
- -i c 10.2 ± 4.2 ng/mg creatinine in those who were 
involuntarily exposed to smoking and 6.1 e 3.5 
ng/mg creatinine in those who were not exposed 
(p < 0.01) (Fig. 5) . On the basis of these results, we 
decided that for this study, those with urinary 
cotinine levels between 10 and 50 ng/mg creatinine 
would be identified as nonsmokers with noticeable 
passive smoking (passive smokers) and those with 
below 10 ng/mg creatinine would be identified 
a* nonsmokers without perceptible passive smoking 
(Fig. 5). 

The 40 patients were classified into three groups: 
(1) those with urinary cotinine levels above 50 ng/mg 
creatinine (active smokers), (2) those with connine 
levels berween 10 and 50 ng/mg creatinine (passive 
smokers), and (3) those with cotinine levels below 10 
ng/mg creatinine (nonsmokers without noticeable 
passive smoking). Eventually, 10 patients were das¬ 
hed as active smokers, 9 as passive smokers, and 21 
as nonsmokers. The disease worsened in 7 (70%) of 


Fig. 2. Urinary cotinine levels in smokers. Smokers were 
classified into four groups on the basis of self-reported 
cigarette consumption. Urinary cotinine levels roughly 
correlated ro daily cigarette consumption. 

the 10 smokers; in none (0%) of the 9 passive 
smokers; and in 4 (19%) of the 21 nonsmokers. 
There were significant differences in the rate of the 
aggravation of the disease between the smokers and 
the passive smokers {p < 0.01) and between the 
smokers and the nonsmokers (/> < 0.01), However, 
no significant differences in the rate of aggravation 
were found between the passive smokers and the 
nonsmokers (Fig. 6). Of the four exsmokers who 
experienced worsening of the disease, three admitted 
that they had soil been active smokers at that rime. 
The other one stated that he had been involuntarily 
exposed to noticeable smoking in the workplace all 
day at the rime of recurrence. This patient had 
sympathctccTomv and bypass operation of the left leg 
for the ini rial tr eatments Four years later, femorocru- 
rai bypass grafting in the right leg was necessary 
because of right popliteal artery occlusion that was a 
result of a skip lesion. Thereafter, however, he has 
kept away from tobacco smoke in the workplace and 
he has been doing well for 2 years (Fig. 6). Among 
the 10 current smokers, the mean cotinine level 
for the seven patients who had aggravation of the 
disease was significantly higher than the level for the 
three patients who did not experience relapses 
(1208 ± 734 ng/mg creatinine vs 147 2: 79 ng/mg 
creatinine, p < 0.05). 
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Fig. 3. Urinan-nicotine (broken U*u) and cotininc (soUd Une) accretion over time. After active 
smoking (fiber/), and after high involuntary exposure to smoke (btltrv), in a healthy non smoker. 
Cotininc levels decreased more slowlv than meonne levels did. 


DISCUSSION 

Carboxyhemoglobin or nicotine concentrations 
have been used as indicators of smoking 6 ” In 
vascular surgery, carboxyhemoglobin has been used 
to determine smoking habits of patients who had 
arterial reconstructive operations,* 9 and Wiseman 
ct all 9 reported that the median concentration of 
carboxyhemoglobin was significantly higher in those 
patients whose grafts had tailed than in those whose 
grafts were patent. However, blood carboxyhemo¬ 
globin concentrations have not proved to be markers 
specific to smoking, and nicotine measurements have 
been regarded as providing more accurate assess¬ 
ments. 10 Recently, cotininc has been considered a 
more sensitive marker of smoking because it has a 
much longer plasma half-life than nicotine does 
(about 30 hours vs about 30 minutes). 1 * 12 In this 
study, urinary cotininc laris dearly discriminated 
between smokers and nonsmokers. By measurement 
of cotininc levels, 10 patients were identified as active 
smokers, although seven of them daimed to have quit 
smoking. Of these 10 active smokers, seven experi¬ 
enced aggravation, and there was a significant differ¬ 
ence in the rare of aggravation between active 
smokers and exsmokers. It was confirmed that active 


smoking was very* closely related to recurrences of 
Buerger^ disease. Three former smokers, however, 
experienced worsening of the disease even though 
their urinary’ cotimne level remained within a non- 
smoker’s or a passive smoker’s range. Since the 
unnary cotmine elevation after smoking lasted' for 
only 60 hours, our assessments of smoking were 
limited to a very short period. Past smoking habits 
cannot be estimated by ill-timed measurement of 
connine, a short-term marker, when patients have 
abstained from smoking. Serial examination of urv 
nary cotininc levels should be performed to solve this 
problem. 

Because the number of cigarettes smoked rough!}’ 
correlated with the urinary’ cotimne lcvel r ll * ,u this 
levd may reflect the intensity of smoking. However, 
there was considerable variation in cotinine excretion 
among subjects who smoked approximately the same 
number of riganettes. These variations were assumed 
to be caused by differences in nicotine content per ; 
cigarette and in the manner of smoking (inhaling or 
puffing, frequency, length of cigarettes smoked). 1 ** 14 
In this study, among the patients who continued to 
smoke, those who experienced aggravation of the 
disease had significantly higher cotininc levels than , 
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F j:. 4. Urinary cotininc levels. Patients were divided into 
two groups according to their statements about their 
smoking habits. Regardless of their claims, they were 
classified as smokers if they had urinary connine levels 
above 50ng/mg creatinine. 

those who were in remission! However, even among 
rhose who experienced aggravation, the urinary 
c G 4i*:ne lfcvels varied widely. It seems impossible ro 
which patient will become w'orse. judging 
rum the number of cigarettes that were smoked. 

Recent studies have indicated that involuntary- 
exposure to smoking may be as harmful as active 
smoking: 15 Sinzingcr and Kcfalides* 6 reported that 
passive smoking reduced platelet sensionry to anti- 
aggregatory prostaglandins (Ej, l 2y D 2 ), and the 
reduction in sensitivity' was much more severe in 
Smokers than in smokers. Passive smoking might 
a poor influence on the cardiovascular system 
for nonsmokers. In this study, the influence of 
involuntary exposure to smoking on Buerger’s dis¬ 
ease was studied by measurement of urinary cotinine 
levels, but no significant relationship between invol¬ 
untary exposure to smoking and recurrence of the 
disease w-as found. However, there was one patient 
who had aggravation of the disease, who testified to 
haw abandoned smoking habits, and this person had 
tiic urinary cotininc level of a nonsmokcr. Because he 
fad been involuntarily exposed to noticeable srook- 
,n g at the time of worsening of the disease and is not 
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Fig. 5. Urinary corinine levels of nonsmoken without 
involuntary' exposure to smoking and nonsmoken with 
involuntary' exposure to smoking, There was a significant 
deference between the two groups {p < 0.01). 
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Fig. 6. Urinary corinine levels and the course of Buerger's 
disease. There were significant differences in aggravation 
between the smokers' group and the other two groups, but 
no significant differences were found berwern passive 
smokers and nonsmokers without noticeable passive smok¬ 
ing: Three (asterisks) of the four nonsmokers with aggra¬ 
vated conditions stated that they had been smoking at the 
time of worsening of the disease. 
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exposed to robacco smoke now, the worsening of his 
disease may be associated with the past involuntary' 
exposure to smoking. The incorrect tuning of urinary 
corimnc measurement may explain why no significant 
relationship was found between passive smoking and 
the worsening of the disease in this study. A 
cooperative epidemiologic and clinical study that is 
based on the long-term and timely evaluation of 
effects on health of involuntary exposure to smoking 
may proride the evidence to support the hypothesis 
that passive smoking can influence the occurrence of 
Buerger’s disease and the worsening of the disease 
process. 

-In conclusion^ corininc is a sensitive but short¬ 
term marker of smoking. Smoking tobacco was very 
closely' related to the course of Buerger’s disease, but 
no significant correlation between passive smoking 
and the disease process has been found yet. 
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The purpose of this paper is to estimate the number of adult deaths per year in the United States from 
passive smoking The epidemiological literature on passive smoking and adult mortality and cancer and 
heart morbidity is reviewed Combined relative risks for Iting cancer, cancers other than lung, and 
heart disease are calculated for each sex and disease category. These data along with estimates of 
nonsmoker death rates and populations exposed allow calculation of annual deaths m each category . 
Reduced relative risk and reduced exposure at older ages are taken into account as well as a correction 
for possible misclassification of smokers as nonsmokers and exposed nonsmokers as nonexposed Al¬ 
together 46.000 deaths peT year are calculated consisting of lung cancer (3000) other cancer (11.000) 
and heart disease (32:000). Reasons why such high estimates for other cancer and heart disease may 
be possible are explored. It is concluded that exposure to environmental tobacco smoke can have 
adverse long term health effects that are more serious than previously thought. 


introduction 

Several attempts have been made to estimate U.S. adult 
mortality from passive smoking. For example. Repace 
and Lowrey (1985) estimated the Iting cancer deaths to 
be about 5000 per year. Fong (1982) estimated total 
mortality at 10.000 to 50,000. Russell eial (1986) es¬ 
timated total U.S. mortality at more than 4000. The 
present estimate is based on epidemiological evidence 
currently available on lung cancer, cancers other than 
lung, and heart disease. 

The Surgeon General of the United States (U5SG, 
1986) and the UlS. National Academy of Sciences 
(NRC. 1986) have issued repons stating that passive 
smoking can cause lung cancer, in the National Acad¬ 
emy report the relative risks from the various lung can¬ 
cer studies were combined into an overall relative risk 
using a procedure somewhat similar to that which is 
used in this work. The Academy report then projects 
that about 20% of the 12,000 U.S. lung cancer deaths 
per year among never smokers is due to passive smok¬ 
ing: This is reasonably close to the 3000 per year pro¬ 
jected here for never smokers plus exsmokers. The 
methods used in the National Academy report are fur¬ 
ther detailed imWald et ai. (1986). Blot and Fraumeni 
(1986) have also presented an overview of studies of 
lung cancer and passive smoking They use a method 


of combining the relative risks from various studies es¬ 
sentially identical to that used here. Thus, the proce¬ 
dure of combining relative risks from various passive 
smoking studies to obtain overall relative risks and 
tighter confidence intervals is now welli established by 
authorities in the field. Also, the method used here to 
calculate annua] deaths from the relative risks appears 
to be validated by the National Academy results for 
lung cancer. However, both the Surgeon General's task 
force and that of the National Academy felt that the 
data, as of 1986, on cancers other than lung and on 
heart disease were still too meager to allow calculation 
of reliable overall risks. 

Since 1985 considerably new epidemiological infor¬ 
mation has become available, particularly on heart dis¬ 
ease. This new information is reviewed and combined 
with the old data to calculate updated relative risks, 
overall confidence limits, and estimated annual U.S. 
deaths from passive smoking and the three main dis¬ 
eases, namely, lung cancer, cancers other than lung, 
and ischemic heart disease. The total particulate matter 
dose retained by passive smokers is too low to account 
for the health effects of passive smoking if one starts 
with the health effects exhibited by direct smokers and 
ratios down from the dose retained by them. Reasons 
why such a discrepancy might occur are explored. 
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Methods 

Studies to be considered in the analyses were ob¬ 
tained originally from the literature searches of the U.S 
Office on Smoking and Health (OSH, 1979-85). More 
recently, studies have come to light primarily through 
personal! contact with workers in the passive smoking 
field. Criteria for admitting data to the analysis are: 

1. Studies on the association of passive smoking with 
adult mortality or morbidity from lung cancer, other 
cancer or ischemic heart disease were included. All 
cause data were not used because essentially no male 
data are available. The female data, if calculated, 
yield overall results that are in the same range as 
the results derived from the three main diseases (see 
Appendix B): Emphysema is not included because 
the nonsmoker death rate is so Ibw that less than 
1% of deaths from passive smoking would be pre¬ 
dicted from this source (see Appendix B). 

2. Retrospective studies should have controls. 

3. Observations should be based on spouse exposure 
or on general exposure of more than 10 years du¬ 
ration. The diseases under study are known to have 
long induction periods, and it is assumed that most 
married people old enough to die of passive smoking 
would have been exposed 20 years or more. 

A. Enough data should be available from the study to 
allow calculation of a weighting factor for combining 
the relative risks. 

Two risk models were used and a third was consid¬ 
ered. The primary model used combined relative risks 
from the various studies that pertained to a given sex 
anddisease and assumed that the combined relative risk 
was constant with age. although variation with age of 
the underlying neversmoker death rate and the fraction 
of the population exposed were included. In the sec¬ 
ondary' risk model the combined relative risk was also 
allowed to vary with age. These models were suggested 
in pan by the considerations in James Robins’ Appen¬ 
dix D in the National Academy report (NRC, 1986). 
The third risk model was based on the rate difference 
between the death rates for exposed and nonexposed 
populations. A detailed analysis of this model for heart 
disease in women was carried out (see Appendix C)i It 
was concluded that the relative risk models were much 
superior to the rate difference model when combining 
data across different cultures as is the case here where 
some of the studies are from the orient. 

Wherever a study showed both a crude relative risk 
or odds ratio and an adjusted ratio, the adjusted ratio 
was used. To obtain a combined relative risk a method 
similar to that of Blot and Fraumeni (1986) was used. 
Case control studies were aggregated using Program 2 
of Rothman and Boice (1982), Cohort studies were ag¬ 
gregated using Program 7. A combined relative risk for 


the two aggregates was obtained using: 

o _ *ro to R e e w. fr . In R (r 

K cb - exp- 

*«■ 


( 1 ) 


where R cb > and R cr are the relative risks for the 
combined totall the cohort studies, and the case control 
studies, respectively, and w n and w„ are the weights 
for the cohort and case control studies, respectively, 
which are the inverse of the respective variances. Vari¬ 
ance is taken as the square of the standard! deviation 
which is equal to In /?/*, so the weight, w = (*/ln /?,):. 
The source of these equations is Rothman (1986)i Con¬ 
fidence intervals were calculated from a combined' \ - 
w ] - In R cb . For some studies it was necessary’ to calculate 
a chi from the confidence limits in order to calculate a 
weight since no other data were available. These data 
were then combined with the rest using Eq> (1) Ages 
of death from 35 and up were used and should include 
essentially all adult deaths from passive smoking. In 
some studies morbidity relative risks were reported 
whereas our interest is in mortality. The morbidity rel^ 
ative risks were accepted as surrogates for mortality 
relative risks because, for cancer, the survival rates for 
exposed and nonexposed cases appeared to be similar 
while, for heart disease, incidence relative risks, if any* 
thing, are lower than mortality relative nsks (Svendsen 
etaL. 1987). 

The 1985 smoking status for U.S^ residents in 5 year 
age increments was obtained from the National Center 
for Health Statistics. Nonsmokers were equated to 
never smokers plus exsmokers. The fractions of never 
smokers living with ever smokers (24% for males and! 
60% for females), all of whom were considered to be 
exposed, were obtained from controls of the U.S. based! 
studies for all three diseases. These fractions were as¬ 
sumed to hold also for nonsmokers (never plus ex). The 
fractions of all nonsmokers exposed as nonsmokers liv¬ 
ing with nonsmokers, but still exposed at home or at 
work (37% for males and 16% for females), were ob¬ 
tained from Friedman etaL (1983). These fractions were 
assumed to hold for nonsmokers living with never smok¬ 
ers. By adding the two fractions the total nonsmoker 
exposure of 61% for males and 76% for females was 
obtained^ These overall exposure fractions are known 
to be higher at younger ages and lower at older ages. 
The data of Friedman et al. (1983) were used to develop 
smoothed values of fraction exposed 10 years earlier 
(midpoint of a 20 year exposure) for each sex and 5 
year age interval normalized to 61% for malts and 76% 
for females. By multiplying each population element 
by each fraction exposed element, the exposed popu¬ 
lation by sex and 5 year age interval could be deter¬ 
mined. 

Death rates for never smokers for lung cancer by sex 
and 5 year intervals were drawmfrom Garfinkel (1981) 
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andi smoothed using a semi-log plot against age. For 
cancers other than lung for females a semi-log plot of 
1984 age specific death rates for ages 35+ was devel¬ 
oped for malignant neoplasms less malignant respira¬ 
tory neoplasms from the data of the National Center 
for Health Statistics (1986); Then, a parallel plot was 
developed using as reference points the neversmoker 
data of Hammond (1966) for ages 45-64 and 65-79 to 
yield neversmoker rates for ages 35 + for each 5 year 
age interval! For heart disease never smoker death rates 
by sex and 5 year age intervals for 1963 were developed 
from the appendix tables in Hammond (1966). These 
were reduced to 1984 equivalent rates (with the reduc¬ 
tion factors corrected for the effects of smoking) by a 
technique similar to that used by the U.S. Office of 
Technology Assessment (OTA. 1985). Semi-log graphs 
were used to estimate never smoker death rates by 5 
year age intervals for the entire age range (see Appen¬ 
dix A. Table A3). 

The excess death rate for never smokers for passive 
smoking (£>,,,) for each sex. disease and 5 year age range 
was calculated from the never smoker death rates (£>*) 
using the formula: 

= DJR - 1 W P (R - 1) + I). (2). 

where F p is the fraction of the population that is exposed 
and R is the combined relative risk. This excess death' 
rate was assumed to apply to all nonsmokers. Deaths 
were then calculated by multiplying the passive smoking 
excess death'rate by the exposed population for each 
sex and 5 year age interval, and summed. For those 
calculations where the relative risk was assumed to have 
varied with age. the excess death rates for passive smok¬ 
ing were recalculated from the age specific relative risks 
for each 5 year age interval. Additional calculations 
were carried out to show the effects of bias including 
those from misclassification of smokers as nonsmokers 
and exposed nonsmokers as unexposed, using a method 
similar to that of Waid et al (1986)i 

Results 

Relative risks 

The results for passive smoking relative risk for fe¬ 
males for lung cancer are shown in Table 1. The three 
cohort studies are listed first and show- a combined rel¬ 
ative risk for all exposures including exposures to 
exsmokers of 1.34. At the time the analysis was made 
there were fourteen acceptable case control studies with 
a combined relative risk of 1.50 The overall combined 
relative risk, based on 1,174 cases, is 1.44 with 95% 
confidence limits of 1.3—1.7. The male Uing cancer ob¬ 
served relative risks are shown in Table 2. There are 
now nine studies with 144 total cases. The overall com¬ 
bined relative risk is 2.1 with 95% confidence limits of 


1.3-3.2. Data excluded from Tables 1 and 2 along with' 
the reasons were the following: Chan ei al. (1979). cur¬ 
rent exposure only; Knoth ei al. (1983). no controls; 
Kabat and Wynder (1984) nonspouse data, current ex¬ 
posure only; Buffler ei al (1984); 0-32 year data, not 
a minimum of 10 years exposure. A paper by Daiager 
et al. (1986) describes a pooling of data from Correa et 
al. (1983), Buffler et al: (1984) and a study of males in 
New- Jersey. They observed an adjusted odds ratio for 
spouse exposure of 1.47. but since Correa et al: (1983). 
and Buffler et al. (1984). were already included imTa- 
bles 1 and 2 and since the New Jersey data were not 
available separately, it was decided to omit the Daiager 
et al. (1986) study from this analysis Also, available 
were abstracts of two recent papers. Geng et al. (1987) 
from China with a relative risk of 2.2 and lnoue and 
Hirayama (1987) from Japan with a relative risk of 2.3, 
both for females. Also W. K. Lam (1985); in a thesis 
from the University of Hong Kong that is quoted in 
Lam et al. (1987) found a relative risk of 2.0 for ad¬ 
enocarcinoma among females. These inputs arrived too 
late to be included in the analysis. 

The data of Hirayama (1984a) on female lung cancer 
are sufficiently detailed to indicate a declining relative 
risk with age from 1.87 at approximately age 50'to 1.43 
at approximately age 75. These data were used to de¬ 
velop a second death caltulation assuming a declining 
relative risk, but still! normalized to 1.44. However, 
Hirayama's data show no such decline in passive smok¬ 
ing relative risk with age for males. Instead, the trend 
appears to nse with age. so no secondary calculation 
was made. 

There are now five studies relating passive smoking 
to total cancer or cancer other than lung in females. 
The individual and combined relative risks for females 
are shown in Table 3. The total combined relative risk 
is 1.16. The total cases. 2.933, are two. and one-half 
times the total cases for female lung cancer (Table 1) 
although 2.505 are concentrated in the large Hirayama 
(1984a) study: This is a large data base. The total com¬ 
bined chi square is 11 compared to 27 for female lung 
cancer. 

The two largest of the female studies. Hirayama 
(1984a) and Sandler et al. (1985), cover different age 
of death ranges. Hirayama covers 50 to 80while 
Sandler et al. cover <30 to 59. The two studies taken 
together would indicate a rather sharp decline in rela¬ 
tive risk with age from about 3.5 at age 40 to about 1.04 
at age 80, The high relative risks at the younger ages 
may be due to premenopausal breast cancer (see San¬ 
dler et flf, 1986). Two calculations of U.S female 
deaths from passive smoking and other cancers were 
made, one using the 1.16 relative risk from Table 3 at 
all ages and one using the declining relative risks. 

Gillis et al (1984). Sandler et al. (1985). and Rey¬ 
nolds (private communication) also report on other can- 
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Tablfc 1 Female relative risks for lung cancer from passive smoking 





Highest 


All 

Mantel! 




Exposure 


Exposures 

Trend! 



Total 


— 




Locale 

Cases 

RR 2-tail p 

RR 

95 * C L 

1-tail p 

Cohort Studies; 







Hlrayama (1984a) 

Japan 

200 

1.9 0.002 

1.6 

1.1-2,2 

0 002 

Garfinkel (1981) 

United i States 

153 

1.1 — 

1.2 

0.8-116 

— 

Gillis et at. (1984) 

Scotland 

_8 

— — 

y 

0:2-5.6 


Combined Cohort 


361 


1.34 

l..1-1.7 


Case Control Studies: 







Tnchopoulos et ai (J983) 

Greece 

77 

2.6 0.19 

2.1 

1.2-3 6 

0.005 

Correa etal. (1983) 

Louisiana 

22 

3.5 0.02 

2,1 

08-5.2 

— 

Buffler e/fl/. (1984) 

Texas 

27' 

— — 

0.9 

0.4-2:3 

— 

Rabat and Wyndcrf 1984) 

United States 

24 

— — 

0.8 

0.3-2.5 

— 

Sandler et ai (1985) 

Nbrth Carolina 

2 

— — 

inf 

— 

— 

Carfmkel et ai (1985) 

United States 

116 

2.0 0.05 

1.3 

0.8-1.9 

o;025 

Wu et al. (1985) 

California 

28* 

— — 

1.2 

05-3:3 

— 

Lee et ai. (1986) 

United Kingdom 

32 

— — 

1.0 

0.4-2.7 

— 

Akiba et ai (1986) 

Japan 

94 

2:1 — 

1.5 

0.9-2:6 

0106 

Koo et ai. (1987) 

Hong Kong 

86 

1.2 — 

1.6 

0 9-3T 

— 

Pershagen et al (1987) 

Sweden 

67 

32 — 

1.2 

0.7-2.1 

Oj 12 

Humble et ai (1987) 

New Mexico 

20 

1.2 — 

2.3 

0 9-6 6 

— 

Btownson et ai. (1987) 

Colorado 

19 

— — 

1.7 

0 4-3:0 

— 

Lam et at: (1987) 

Hong Kong 

199 

— — 

1.65 

1.2-24 


Combined Case Control 


813 


1.50 


1.3-18 

Combined Cohort and C/C 


1174 


1.44 

1126-1.66 


* Private communication. 







"From Blot and Fraumeni (1986). 






cer in males. The relative risks were 0.6, 1.5 and near 

relative risks are shown in Table 4. Studies new 

since 

unity, respectively. The number of cases in each study 

1985 are Lee etal: (1986), Martin et al. (1986a) and the 

is very small with no statistical significance. Therefore, 

important, large Helsmgera/. (1988) paper from Mary- 

it was decided to use a 

neutral relative risk of 1.0 for 

land. The overalUcombined relative risk based on 1,622 

males for cancer other than lung until more data become 

cases is 1.23 with 95% confidence limits of 1.11 to 1.36 

available. 



and a combined chi square of 16. Helping et ai (1988) 

There are now six studies of passive smoking and 

and Martin et at. 

(1986a) provide data for younger 

heart disease in females. The individual and combined 

women and indicate high relative risks (average 

2.45) 


Table 2, Male relative nsks for lung cancer from passive smoking. 






Highest 


Alii 

Mantel 




Exposure 


Exposures 

Trend 



Total 


— 




Locale 

Cases 

RR 2-tail p 

RR 

95% CL. 

1-tOll p 

Cohort Studies 







Hirayama (1984a) 

Japan 

64 

2:3 0.16 

2.25 

1.11- 4.9 

0.023; 

Gillis et ai (1984) 

Scotland 

_6 

— — 

3.3 

0 7-16.5 

— 

Combined Cohort 


70 


2.5 

1.2 - 5.0 


Case Control Studies: 







Correa et ai. (1983) 

Louisiana 

8 

— — 

2.0 

0 4-10 

— 

Buffler etal (1984) 

Texas 

8* 

— — 

116 

0.3 - 8:1 

— 

Kabat and Wynder (1984) 

United States 

12 

— — 

1.0 

0.3 - 3.2 

— 

Lee etal. (1986) 

United Kingdom 

15 

— — 

11.3 

0 4 - 4.6 

— 

Akiba et al. (1986) 

Japan 

19 

— — 

1:8 

0:5 - 5.6 

— 

Humble et at (1987)* 

New Mexico 

8 

— — 

4.2 

1.0 -16:8 

— 

Brownson et ai. (1987)* 

Colorado 

4 


2.7 

0.2 -31 

— 

Combined Case Control 


74 


1.8 

1.0 - 3.3 

— 

Combined Cohort and C/C 


144 


2:1 

1.3 - 3.2 



'Private Communication. 
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Table 3. Female relative nsks lor cancer other than lung from passive smoking 




Total 

Cohort Studies: 

Locale 

Cases 

Hirayama (l984af* 

Japan 

2505 

Gillis ft al (1984) 

Scotland 

43 

Reynolds et al. (1987 ) 

California 

7(T 

Combined Cohort 


2618 

Case Control Studies: 



Miller (1984)- 

Pennsylvania 

84 

Sandler et al: (1985) 

North Carolina 

231 

Combined Case Control 


315 

Combined Cohort and 

C C 


2933 



Highest 

Exposure 


All 

Exposures 

Mantel 

Trend 

RR 

2-iail p 

RR 

95.*. C.L 

1 -tail p 

1.16 

0.01 

1.11 

1.0 -1.2 

0.05 

— 

— 

12 

0:6 -2:5 

— 

— 

— 

17 

1.1 -2.7 

— 



1.13 

1 03-1.24 

- 

_ 

_ 

1.25 

o 

i 

i j 

_ 

— 

— 

2.0: 

1.3 -2.9 

— 



1.7 

i:.: -: 45 




1.16 

11.06-1.27 



Obtained by subtracting data for lung cancer from data for all sties 
^Provided by Dr Reynolds 

Age adjusted MameUHaenszel values for nonemployed wives 

for ages up to about 50 At higher ages there is no trend 
with an average relhtive risk of 1.17 holding out to 
age 84. 

For male heart disease and passive smoking there 
are now four studies (see Table 4). The two new* ones 
are Lee etal. (1986) and Heising et ah (1988). The result' 
of Svendsen ei al. (1987) is shown for information, but 
is not used in calculating the combined relative risk 
because it pertains to a high risk group. The combined 
relative risk based on 443 cases is 1.31 with 95% con¬ 
fidence limits of 1.1 to 1.6 and a combined chi square 
of 9 The results are remarkably uniform. As in the 


female data the relative risk is highi at the younger 
ages, about 2.9, but declines to a nontrend average ofi 
1.28 which extends from age 55 out to the older ages. 
Svendsen et al. (1987): show that'there was very little 
difference between never smoking men married to 
nonsmokers and those married to smokers in the major 
coronary risk factors such as baseline blood pressure, 
total cholesterol, and LDL cholesteroll This work was 
reported in more detail in Martin et ah (1986b), Small 
differences were found in weight (195 vs. 190 if wives 
were smokers) and drinks per week (10 vs. 8 if wives 
were smokers). On the other hand. Garland etah (1985) 


Table 4. Relative risks for heart disease from passive smoking 





Highest 


AH 

Maniel 




Exposure 


Exposures 

Trend 



Total 


— 




Localt 

Cases 

RR 2*tai! p 

RR 

95 C.L 

I-tail p 

Females 







Cohort Studies: 







Hirayama (1984b) 

Japan 

494 

1.3 0.038 

1.16 

0.9- 1.4 

0.02 

Gillis ei al (1984) 

Scotland 

21 

— — 

3,6 

0 9-13.8 

— 

Garland et at (1985) 

California 

19 

— — 

3,5 

0.9-13.6 

— 

Heising ei al. (1988) 

Maryland 

988 

1.27 — 

1.24 

1.1- 14 

0.005* 

Combined Cohon 


1522 


1.23 

LI- 14 


Case Control Studies: 







Lee et al (1986) 

United Kingdom 

77 

— — 

0.9 

0 7- 11? 

— 

Martin et al (1986a) 

Utah 

23 

— — 

2.6 

1.2- 5 7 

— 

Combined Case Control 


100 


1.29 

0.8- 2.0 


Combined Cohort and C/C 


1622 


1 23 

1.1- 1.4 


Males 







Cohort Studies: 







Gillis etal, (1984) 

Scotland 

*32 

— — 

1.30 

0.7- 2.6 

— 

Lee et all (1986) 

United Kingdom 

41 

— — 

1.24 

0.5- 2.6 

— 

Heising et al. (1988) 

Maryland 

370 


1.31 

11- 1.6 

— 

Combined Cohon 


443 


1.31 

1.1- 1.6 

— 

Svendsen et al (1987) b 

United Stales 

13 

— — 

2.2 

0:7- 6 9 

— 


*Based on Cochran chi-square of 9.2. 

•MRFIT cohort of high nsk individuals, included for information only. 
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found that never smoking women married to smokers 
had slightly lower weight, slightly lower blood pressure, 
and slightly higher cholesterol, all nonsignificantly dif¬ 
ferent, versus never smoking women mamed to never 
smokers. AH of these authors conclude that the in¬ 
creased passive smoking nsks they observed cannot be 
ascribed to differences in the major coronary risk fac¬ 
tors between passively exposed and nonexposed never 
smokers. 

It is impressive that the relative risks for heart disease 
from passive smoking rise in an orderly manner from 
the lowest risk group. Japanese\vomen at 1.16. through 
Amencan women at 1.27, and American men at 1.31, 
to high risk American men at 2.2. 

A correction for misclassification was attempted for 
all three disease categories. Following Wald et al, 
(1986), and presuming that the passive smoking studies 
were done somewhat more carefully than the general 
questionnaire studies they cite, it was assumed that 5% 
of ever smokers were misciassified as never smokers. 
Along with Wald et al (1986) we assumed that the 
nonexposed nonsmokers were actually exposed to 1/3 
the extent of the exposed nonsmokers except that for 
Greece. Japan, and Hong Kong, where less than 30 9c 
of women had ever smoked, the correction for nonex¬ 
posed female nonsmokers was omitted. It is believed 
that older, nonsmoking women in Greece and Japan, 
and probably in Hong Kong also, because of their social 
habits, were exposed to relatively littlfe tobacco smoke 
beyond that of their husband's. Since most of the mis- 
dassified smokers were found to be light smokers or 
longstanding exsmokers, reduced relative risks for the 
misciassified ever smokers were calculated, as noted in 
Appendix A. The modified passive smoking relative 
risks are shown in Table 5. The false relative nsks due 
to smoker misclassification are somewhat lower than 
calculated earlier by Wells (1986) because of the as¬ 
sumption of light smokers and long term exsmokers 


among those misciassified: following Wald et al. (1986);. 
and the use of a more accurate formula. In general, the 
misclkssification of smokers has a Ikrge negative effect 
on male relative risk which is more or less offset by the 
positive effect of exposure of the "nonexposedT For 
females the smoker misclassification effect is small to 
negligible, but because the relative nsks are smaller and 
no correction was made to "eastern” data (Japan, 
Greece, and Hong Kong)i the positive effects of ex¬ 
posure of "nonexposed” are alk) smaller. 

Calculation of Deaths 

The details for the calculation of female lung cancer 
deaths from the relative nsks. both constant and de¬ 
clining. are shown in Table 6 as an example. Similar 
calculations were made for the other disease and sex 
categories and are shown in Appendix A. The results 
of all of the calculations are summarized in Table 7. 
These results are restated per million total population 
in Table 8. Where the relative nsk appears to decline 
w'ith age and where neversmoker death rates at the 
younger ages are low, as in female heam disease and 
lung cancer, there is a reduction in mortality calculated 
by using the age specific relative risks. Otherwise, the 
higher exposed population at the younger ages out* 
weighs the higher death rate at older ages and total 
mortality is increased. In terms of total deaths the ef¬ 
fects of using age specific relative risks tend to cancel 
out. The total deaths, before adjustment for misclas¬ 
sification. for both males and females are about 19.500 
for a totaJIfor both sexes of about 39.000. 

The effects of misclassification on total deaths are 
substantial, raising the total to 53,000. Most of this 
increase is in heart disease where the numbers are large 
and the effects of smoker misclassification. although not 
necessarily small, are still heavily outweighed by the 
partial exposure of the "nonexposed." 

To be conservative a best estimate for passive smok- 


Table 5. Passive smoking relative risks modified for misclassification 



Lung Cancer 

Other Cancer 

Heart Disease 

Females 

1. Combined relative nsk. 

1.44 

1.16: 

1.23 

2. False relaUve nsk due to projected 5% 
smoker misclassification. 

1.01 1 

1.002 

1.01 

3. Combined relative nsk corrected for 
smoker misdassificatjom (1) + (2): 

1.43 

1.16 

1.22 

4. <3) corrected for exposure of“non* 
exposed" at 1/3 that of exposed. 

1.48 

1.21 

1.32 

Males 

1 Combined relative risk. 

2.1 

1.0* 

131 

2: False relative nsk due to projected 5 % 
smoker misclassification. 

1.3 

_ 

l.M 

3, Combined relative risk corrected for 
smoker nusdassification. fl ) * (2)', 

li.6 


1.17 

4. (3) corrected for exposure of "non¬ 
exposed" at 1/3 that of exposed. 

24 

— 

1.29 


‘Assumed value for lack of better data. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Tabk 6 Annual U. S. female lung cancer deaths from passive smoking 


Relative Risk Relative 

Constant at 144 Risk 


Age of 
Death 

Neversmoker 
Death Rate 
per 100.000 

Nonsmoker 

Population 

1000‘s 

Fraction 

Exposed 

Exposed 
Population 
1000 s 

Excess 

Death Rate 

Deaths 

Declining 

RR 

Deaths 

35-39 

1.6 

6150 

0 94 

5781 

0.50 

29 

1.70 

39 

40-44 

2.4 

4622 

092 

4252 

0.75 

32 

U69 

43 

45-49 

3.6 

3846 

0.89 

3423 

1.14 

39 

1.68 

52 

50-54 

5.3 

3856 

0:87 

3355 

1.69 

57 

1.62 

72 

55-59 

7,8 

4161 

0.84 

3495 

2.51 

88 

1.56 

m 

60-64 

lliO 

4192 

0.77 

3228 

3:62 

117 

1.49 

126 

65-69 

16.6 

4160 

0.70' 

2912 

5.55 

162 

1.43 

159 

70-74 

23.5 

3441 

0.59 

2030 

8.21 

167 

1.36 

142 

75-79 

34 

3004 

0.49 

1472 

12.3 

181 

1.29 

127 

80-84 

46 

1886 

0.29 

547. 

18.0 

98 

1 18 

43 

85- 

52 

100? 

0.10 

100 

21 9 

_22 

1 OR 

4 

Totals 

13:0 

40291 

076 

30595 

3.0 

992 

_ 

911 


ine deaths might be 46.000. half way between the 39.000 
calculated directly from the relative risks and the 53;000 
calculated using the modified relative risks. By disease 
the total would consist of 3.000 lung cancer. 11.000 
other cancer, and 32.000 heart disease. For each million 
of total population the deaths by disease would be 13 
for lung cancer. 46 for other cancers, and 134 for heart 
disease. These numbers may be useful for populations 
similar to that of the United States in terms of propor¬ 
tions ofi never smokers, exsmokers, and smokers, and 
in terms of the proportion of the population that'is less 
than 35 relative to that over 35. For other populations 
the per million numbers are best not used, but the meth¬ 
odology can be used. That cancer other than lung and 
heart disease are legitimate contributors to deaths from 
passive smoking is supported in Hirayama, (1984a.b) 
ini his large prospective study. He found significantly 
elevated risks for all three diseases, and his result for 
lung cancer is now believed to be valid, (USSG 1986; 
NRC, 1986). It is difficult to believe that his King cancer 
result is valid while the other rwo are not. 


Discussion 

The cancer sites for passive smoking appear to differ 
somewhat from those for direct smoking. Using infor¬ 
mation on specific cancer sites from Dr. Hirayama (pri¬ 
vate communication) it appears that' cancers common 
to both types of smoking are lung, liver, cervix, nasal 
sinus, and leukemia. Some of these cancers are only 
weakly associated with'direct smoking Cancers asso¬ 
ciated to some degree with direct smoking; but absent 
in passive smoking are buccal cavity, pharynx, larynx, 
esophagus, stomach (Hirayama, 1984a);. urinary blbd* 
der (iKabat el a/., 1986). kidney and pancreas. Cancers 
related to passive smoking, but absent in direct smoking 
are brain (Hirayama. 1984a), endocrine glands (Sandler 
et al. r 1985). lymphoma and breast (Sandlfcr ei al. % 1985. 
1986; Hirayama. private communication); The first 
three are significant at the 959c level. The combined 
breast relative risk of 1.4 is significant' at only 88^. 
Higher relative risks for these four sites might be found 
for direct smoking if epidemiologists usedinonpassivelv 


Table 7. Summary’: L\S. annua! deaths from passive smoking 


Females: 

1. Constant combined relative nsk. 

2. Relative risk declining with age 

3. O ) corrected for mtsclassificaiion. 
Males; 

1. Constant combined relative nsk. 

2. Relative risk dedining with age 

3. (1) corrected for misciassification 
Totals for both sexes: 

1. Constant combined relative risk 

2. Relative risk declining with age. 

3. (1) corrected for misclassification. 

Best current estimate, both sexes (rounded). 


Lung 

Other 

Heart 


Cancer. 

Cancer 

Disease 

Total 


992 

8599 

9768 

19359 

911 

11165 

7602 

19678 

1232 

12280 

14995 

28507 

1606 

0 

17335 

18941 

1606 

0 

18164 

19770 

2499 

0 

22467' 

24966 

2598 

8509 

27] 03 

38300 

2517 

11165 

25766 

39448 

3731 

12280 

37462 

53473 

3000 

11000 

32000; 

46000 


Source: https://www.industrydocuments.ucsf.edu/doGs/ljpx0000 
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Table 8. Summary: Deaths per million population in U S. from passive smoking 
(based on 239.000.000 U.S population in 1985) 


A J Weils 



Lung 

Cancer 

Other 

Cancer 

Heart 

Disease 

Total 



— 

.. 

— 

Females: 

1. Constant combined relative nsk. 

4:15 

35.98 

40.87 

81.00 

2. Relative nsk declining wuh aee. 

381 

46:7] 

31.81 

82.33' 

3. (U corrected for misciassification. 

5 1 15 

51.38 

62.74 

1119.27 

Males: 

1. Constant combined relative nsk. 

6j72 

0 

72:53. 

79:25' 

2. Relative nsk declining with age. 

6j72 

0 

76 00 

82:72 

3. (1) corrected for misciassificanon. 

IUJ46 

0 

94.00 

104.46' 

Totals for both sexes: 

1. Constant combined relative nsk. 

10.87 

35.98 

113 40 

160:25 

2. Relative nsk declining with age. 

10.53 

46.7] 

107.81 

165 05 

3. (1) corrected for misciassifi cat ion. 

15.61 

51L38 

156.74 

223.73 

Best current estimate, both sexes (rounded). 

13 

46 

134 

193 


exposed never smokers as the referrem category rather 
than all never smokers as is usually done. Another dif¬ 
ference between passive smoking and direct smoking is 
that the ratio of lung cancer deaths to deaths from other 
cancer for females or from Heart disease for both sexes 
is much lower in passive smoking than in direct smok¬ 
ing. 

These differences in mortality effects are probably 
real and reflect differences in chemistry and physics 
between direct smoking and passive smoking. Environ¬ 
mental tobacco smoke is generated in the burning tip 
of the cigarette at a lower temperature than direct 
smoke and therefore contains higher proportions of 
complicated organic compounds that tend to be carcin¬ 
ogenic (Brunnemann ei ai., 1978). More importantly., 
(see Appendix D) the mainstream smoke, although 
generated at a particle size of about 0.7 p.m. is very 
concentrated and appears to agglbmerate into larger 
particles. Deposition rates are high, about 80%. De¬ 
position occurs primarily in the mouth or in the larger 
airways of the lung w-here the particles are cleared rel¬ 
atively quickly into the mouth. This material is then 
swallowed. Some of it may be eliminated and produce 
no health effects at all or it may cause the digestive 
type cancers observed. Only a portion of mainstream 
smoke appears to remain as small particles that can 
penetrate deeply into the alveolar region. Environ¬ 
mental tobacco smoke, on the other hand, is very dilute, 
with a mass median diameter of about 0.4 ^.m. Particles 
in this size range have very low deposition rates, on the 
order of 10%, but what does deposit does so deep in 
the alveolar region of the lung where clearance times 
are longer. Black and Pritchard (1984) estimate that 
cigarette tar has a 17 hour half-time rate of clearance 
from the alveolar region, much longer than clearance 
times from 1 the ciliated parts of the lung, but much 
shorter than for inert particles. This means that smoke 
particles are very likely dissolving in the fluids in the 
alveolar region and are being cleared into the blood 
and lymph systems for circulation throughout the body. 

In summary, there are two types of smoking: (a) 


large particle smoking, or its equivalent, which is the 
major component of direct smoking, which results in 
massive deposition in the mouth and larger airways of 
the lung, rapid clearance, cancers of the mouth, central 
lung and digestive system, and possibly heart disease, 
and (b) small particle smoking, which is a minor com¬ 
ponent of direct smoking, but the entirety of passive 
smoking, and which results in low doses deep in the 
lung, slow clearance, some lung cancer, but primarily 
other cancers and adverse heart effects. 

These differences in chemistry and physics also ex¬ 
plain, at least in part, the rather high mortality observed 
for passive smoking relative to the deposited dose of 
particulate. Smoke retention by a passive smoker is only 
about 1/400 that retained by a direct' smoker in> a 16 
hour day (0.64 mg for the passive smoker per USSG 
(1986, p. 196) and 240 mg for the direct smoker assum¬ 
ing twenty 15 mg tar cigarettes and 80% retention). In 
comparison, the ratio of lung cancer death rates is about 
1/35. For cancers other thamlbng in females the ratio 
is about 1/7, for heart disease in females about' 1. 14 
and for heart disease in males about 1/3 Preliminary 
calculations which are shown in Appendix D indicate 
that the smoke retained deep in the alveolar region may 
have a dose ratio higher than 1/400, perhaps as high as 
1/60; It may be that carcinogenic material! that ^oUi- 
bilizes and clears from the alveoli into the blood mav 
cause not only some of the cancers other than lung that 
are observed in passive smoking, but also some of the 
heart disease from passive as well as direct smoking. 
The hypothesis of Benditt and Benditt (1973) that ar¬ 
terial plaques are caused by DNA-modifymg agents is 
receiving increasing support'. See, for example, the re¬ 
cent work of Penn et al l (1986)'on ceil transforming 
capability of human atherosclerotic plaque DNA and 
the earlier work of Albert et aL (1977) and! Penn et al. 
(1981) on the formation of arterial plaques in cockerels 
with dimethylbenz(;ot)anthracene and benzo(a)pyrene. 

Another possible factor that might help explain the 
disparate mortality effects versus dose is the levell of 
disease susceptability in passive smokers versus direct' 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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smokers. The median age for passive smoking death 
from lung cancer for males is 66 and the deaths con¬ 
stitute 0.006% per year of the exposed population!. The 
first 0:006% of male smokers have died of lung cancer 
by age 46 at which age the lung cancer death rate is 
doubling every four yean. At'age 66 the smoker lung 
cancer death rate is doubling about every 13 years. In 
other words, in passive smoking deaths we are dealing 
with only the very most susceptible people, whereas in 
direct smoking most of the victims are much nearer 
average susceptibility. Similar considerations apply to 
the other diseases here discussed. 

A question often raised is that direct smokers are 
also passive smokers* so why do they not get the passive 
smoking related cancers. We have already pointed out 
that the use of nonexposed never smokers as the re- 
ferrent category for smoker relative risk would increase 
the apparent risk for smokers. Another possible expla¬ 
nation is the probability of competing risks. Most of the 
highly susceptible direct smokers would have died in 
their forties or fifties from smoking related disease and 
would not be available to die of passive smoking related 
disease initheir sixties or seventies. 

The passive smoking mortality calculated in this 
study, namely.46.000. may be lbw. Repace and Lowrev 
(1985) calculate lung cancer deaths from passive smok¬ 
ing at 4.665. or about 50% higher than our estimate, 
primarily because of postulated intense exposure at the 
workplace, a factor not taken into account in this study 
since the relative risks are based largely on home ex¬ 
posure. If Repace and Lowrev are correct, the higher 
exposure would lead to corresponding increases in 
deaths from heart disease and other cancer. Also, only 
ischemic heart disease is considered here. As the all 
cause data in Appendix B indicate, other cardiovascular 
diseases and diabetes may be sensitive to environmental 
tobacco smoke and may increase the total deaths. 

The new epidemiological studies on passive smoking 
support the earlier ones and indicate that not only lung 
cancer, but other cancer and heart disease are serious 
problems. In fact, lung cancer appears to be only the 
tip of the iceberg. To be on the safe side public health 
policy should be to protea nonsmokers from environ¬ 
mental tobacco smoke. 
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Table A). Annual U.S. male lung cancer deaths from passive smoking 


Relative Risk 
Constant at 2 1 


Age of 
Death 

Neversmoker 
Death i Rate 
per 100.000 

Nonsmoker 

Population 

1000 s 

Fraction 

Exposed 

Exposed 
Population 
1000 s 

Excess 

Death Rate 

Deaths 

35-39 

1.8 

5156 

0.74 

3815 

1.09 

42 

40^44 

2.9 

4136 

0.72 

2980 

1.78 

53' 

45-49 

4.5 

3477 

0.70 

2440 

2.80 

68 

50-54 

7.0 

3431; 

0 66 

2260 

4 46 

101 

55-59 

11 

3423 

0.63 

2155 

7.15 

154 

60-64 

16 

3489 

0.59 * 

2054 

10.7 

219 

65-69 

23 

3150 

0.54 

1695 

15.9 

269 

70-74 

33 

2443 

0.45 

1099 

24.3 

267 

75-79 

49 

1712 

0.37 

633 

38.3 

242' 

80^-84 

72 

921 

0.27' 

249 

61.1 

152' 

85- 

95 

516 

008 

_ M 

960 

_39 

Totals 

15.9 

31844 

0 61 

19420 

8.26 

1606 


Appendix A 

Details of death calculations 

Tables A1 and A2 show the details of the death calculations 
for male lung cancer and female cancer other than lung and 
are similar in all respects to Table 6 in the text except thati 
no declining relative risk calculation is shown for male lung 
cancer' since the evidence that was available (Hirayama. 
1984a) indicated no such decline. 

In Table A3 the details are given for the development ofi 
the never smoker relative nsks for heart disease that were 
used:in the death calculations. As noted in the text, the 1963 
neversmoker heart death rates by 5-year intervals were ob¬ 
tained by dividing the never smoker coronary heart deaths in 
Hammond's (1966) appendix. Table 14, by the person years 
in his appendix tables 2a and 2b. Reduction factors to account 
for the change in heart death rates between 1963 (end of 
Hammond’s study) and 1984 were then developed by 10 year 
age intervals from the age specific heart death rates in table 
24ofiHealth U.S. 1986{NCHS. 1986). These reduction factors 
were modified for the fractions thought to be due to smoking 


which were taken from a staff report of the Office of Tech¬ 
nology Assessment (OTA. 1985) to yield a combined; never 
smoker reduction factor, interpolated back to 5-vear age in¬ 
tervals, for application to the Hammond never smoker death 
rates. These modified rates, which are for enrollment age and 
therefore about 2 years younger than age of death, were then' 
plotted against age of death on semirlog graph paper. Trend; 
lines were then drawn through the female and the male points 
to yield the valties in the last column of Table A3. 

Tables A4 and A5 are simply the details of the heart death 
calculations as in Tablfcs 6. AT. and A2 for cancer. 

The deaths shown in Tabic 7 resulting from the corrections 
for misclassification were calculated from the relative risks in 
lines 4 of Table 5 taken as constant over the age range. The 
modification of the observed relative nsks for smoker mis- 
classifieation as shown tn Table 5 are based on misclassified 
smoker relative risks calculated as follows. Based on as yet 
unpublished work of Wells on misclassification it w as assumed 
that' self-reported current smoker relative nsks for male and 
female lung cancer in the U.S. and U.K. were 11 and 7, and 
4.6 and 2.7 for male and female current smokers in Japan 


T»blc A2. Annual U.S female deaths from cancer other than lung from passive smoking. 


Age of 
Death 

Neversmoker 
Death Rate 
per 100.000 

Exposed 
Population 
(Table 6) 

1000 s 

Relative Risk 

Gonstant an 1.16 

Relative 

Risk 

Declining 

Excess 

Death Rate 

Deaths 

RR 

Deaths 

35-39 

28 

5781 

3 9 

225 

4.5 

13211 

40-44 

48 

4252 

6.7 

285 

2 9 

1411: 

45-49 

80 

3423 

111.2 

383 

2 U 

1449 

50-54 

125 

3355 

17,6 

589 

1.56 

1579 

55-59 

190 

3495 

26.8 

937 

1.30 

1591 

60-64 

265 

3228 

37,7 

1219 

1.18 

1352 

65-69 

355 

2912 

53.1 

1487 

1.12 

1144 

70-74 

470 

2030 

68.7 

■1395 

1 08 

729 

75-79 

600 

1472 

89 0 

1310 

1.05 

431 

80-84 

750 

547 

114.7 

627 

1 034 

136 

85- 

900 

100 

Mil 7 

142 

1.0 22 

_20 

Totals 

256 

30595 

28.1 

8599 


11165 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Table A3 Developmeni of 1984 neversmoker heart death rates versus age 

1984 






1984 


Neversmoker 


Death rates from 

Decline. 

Fraction 

Neversmoker 

Hammond's 

hean 


Hammond (1966) 

in heart 

of: decline 

Death Rate 

NS DR 

death rate 

Age 

at enrolled age 

DR's % 

due to 

as % of 1963 

corrected 

by age of 

Range 

per 100.000' 

1963-84 

smoking 

(smoothed) 

for decline 

death 

Females: 







35-39 

7 1 

48 

0 

49 

3.5: 

2.0: 

40-44 

14:1 


55: 

7.7 

4.4 

45-49 

50-54 

20.4 

45:5 

37 

0 

60 

63 

12.2 

28.7 

10.2 

23 

55-59 

104 

36 

n 

64 

66 

51 

60-64 

243 

U 

64 

156 

113 

65-69 

475 

37 

A 

64 

304 

240 

70-741 

961 

U 

64 

615 

480 

75-79 

80^84 

1648 

2774 

35 

0 

65 

70 

1072 

1942 

870 

1550 

85 + 

— 

21 

0 

79 

— 

2770' 

Males 

35-39 

0 

48 

50 

76 

0 

20 

40-44 

79 5 

77 

61 

36 

45-49 

85.5 


50 

78 

67 

68 

50-54 

220 

4- 

77 

169 

128 

55-59 

60-64 

397 

741 

37:5 

25 

75 

75 

298 

556 

237 

412 

65-69 

1089 

32 

*|C 

76 

827 

730 

70-74 

1936 


76 

1472 

1150 

75-79 

2639 

25 

10 

77 

2024 

1850 

80-84 

4374 

81 

3543 

2950 

85+ 

— 

14 

10 

86 

— 

4700 


(Hirayama. I984a)i The 5^sr of ever smokers who were as¬ 
sumed misclkssified as never smokers were assumed to consist 
of 23% light current smokers and 77% long term exsmokers. 
The excess risks for current selfreported smokers were re¬ 
duced by 2/3 to yield relative risks for misclassified current 
smokers and! by 11/12 for relative risks of misclassified 
exsmokers essentially as was done by Wald et at (1986). This 
resulted in misclassified ever smoker relative risks of 2.4. and 
1.85 for males and females in the U.S. and U.K. and 1.5 and 


1.25 for Japan. Worldwide misclassified smoker relative risks 
were then calculated to be 1.8 for males and 1.6 for females 
based on the proportion of’"western** and ‘'eastern*' cases. 
The false relative risks shown on lines 2 in Table 5 were then 
calculated using the formulae in Wells* unpublished work. 

For female cancer other than lung, the smoker relative risk 
of 1.05 was taken from Hammond (1966) and used as is since 
the effect is too small to make any difference. For ischemic 
hean disease the ever smoker relative risks from Hammond 


Table A4. Annual U S female heart deaths from passive smoking. 


Age of 
Death 

Neversmoker 
Death Rate 
per 100.000 
(TaWe A3): 

Exposed 
Population! 
(Table 6) 
1000‘s 

35-39 

2.0 

5781 

40-44 

44 

4252 

45-49 

10.0 

3423 

50-54 

23 

3355 

55-59 

51 

3495 

60-64 

113 

3228 

65-69 

240 

2912 

70-74 

480 

2030' 

75-79 

870 

1472 

80-84 

1550 

547 

85+ 

2700 

100 

Totals 

291 

30595 


Relative Risk 
Constant at 1.23 

Relative 

Risk 

Declining 

Excess 

DR 

Deaths 

RR 

Deaths 

0.38 

22 

4.0 

91 

0.84 

36 

2.0 

97 

1.91 

65 

1.32 

85 

4.4 

148 

1.17 

114 

9.8 

344 

1.17 

265 

22.1 

713 

1.17 

548 

47.7. 

1385 

1.17 

1062 

97.2 

1973 

1.17 

1505 

180 

2647 

1.17 

2010 

334 

1828 

11.17 

1374 

607 

607 

1.17 

451 

31.9 

9768 


7602 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Table A5; Annual ILV S. male hean deaths from passive smoking 


Age of 
Death 

Neversmoker 
Death Rate 
per 100.000 
(Table A3) 

Exposed 
Population i 
(Table Al) 
1000 s 

35-39 

20 

3815 

40-44 

36 

2980 

45-49 

68 

2440 

50-54 

128 

2660 

55-59 

237 

2155 

60-64 

412 

2054 

65-69 

730 

1695 

70-74 

1150 

1099 

75-79 

1850 

633 

80-84 

2950 

249 

85- 

4700 

_41 

Totals 

521 

19420 


Relative Risk 
Constant ai 1.31 

Relative 

Risk 

Declining 

Excess 

D.R: 

Deaths 

RR 

Deaths 

4.9 

187 

5.2 

780 

8.9 

265 

3.0 

879 

16 9 

411 

11.92 

929 

32-.H 

724: 

142 

951 

59.8 

1289 

1.28 

12011 

105 

2157 

1.28 

2009 

189 

3195 

1.28 

2972 

304 

3341 

1.28 

3103 

500 

3162 

1.28 

2933 

819 

2039 

1.2R 

1887 

1377' 

565 


52t» 

89.3 

17335 


18164 


(1966) were taken as 2.3 for males and 2.0 for females. The 
excess risks were reduced by 2/3 to yield relative risks for 
misclassified ever smokers of approximately 1.4 for males and 
1.3 for femalts. These were used worldwide with Wells* un¬ 
published formulae to calculate the false heart disease relative 
risks shown on lines 2 of Table 5. 


Appendix B 

Relative risks for all causes of death and for 
emphysema and chronic obstructive lung disease 

Data relating all causes of death with passive smoking for 
females have been reported for four prospective studies to¬ 
talling 9537 cases as shown in Table Bl. The combined relative 
nsk is 1.165 with 95* confidence limits of 1.11 to 1.22. The 
only male data available are 75 cases from Gillts et al. (1984) 
with a relative nsk of 1.0 so no male analysis was made. 

The calculation of the total number of female deaths from 
ail causes for passive smoking is shown in Table B2. The total. 
34.164:. is considerably larger than the total for cancer plus 
hean of 19:359 shown in Tablfc 7. Some of the difference is 
due to uncertainties in the calculations, but other causes of 


death that might contribute to the all cause total, based on 
data in a pnvatc communication from Dr. Hirayama. are 
cerebrovascular disease, other hean disease, diabetes, and 
ulfcer. 

Hirayama (private communication, also reponed preli¬ 
minarily at 5th World Conference on Smoking and Health. 
Winnipeg. 1983) provides data relkting deaths from 1 emphy¬ 
sema with passive smoking in women. His relative nsk. based 
on 106 cases is 1.3 with 95* confidence limits of 0.85 to 2.05. 
Kalandidi e/ ai (1987) repon incidence daia for chronic ob¬ 
structive lung disease based on 103 cases with an adjusted 
relative risk of about 1.4. Lee ei al. 01986) report incidence 
data for chronic bronchitis from spouse exposure Based on 
17 cases the adjusted relative nsk is 1.22. A weighted average 
of these three relative risks would be about 1.35. The only 
neversmoker death rate we have is from Hammond (1966ji 
for emphysema at 2 x 10 *\ Assuming 76* exposure, the 
excess death rate for passive smoking using Eq : (2)would be 
0.55 x 10" 5 and the total deaths for am exposed population 
of 30.6 million would: be about 170. Even'if this number is 
doubled to take into account deaths from forms of chronic 
obstructive lung disease other than emphysema, it is stillifar 
below the total for cancer and ischemic heart disease 


Table Bl. Female relative risks for all causes of death from passive smoking 




Total 

Cases 


All 

Exposures 

Mantel 

Trend 


Locale 

RR 

95* C L 

1 -tail p 

Cohort Studies: 

Hirayama (1987) 

Gillis ei al. (1984) 

Garland ei al (1985) 
Vandenbroucke et ai (1984)* 

Japan 

Scotland 

California 

Holland 

9106 

102 

79 

250 

1.17- 

1.45 

1.06 

0 79 

1.12-1.23* 

0.91-2.30 

0 65-1.73 
0.57-1.09 

o.ouuun 

Combined Chort: 


9537 

1.165 

I.U-1’2 



‘Dr. Hirayama (private communication) provided the data necessary to calculate these items 
•Data from 25 year follow up. Relative nsk was 0j 89 (0.50-1.62)ifbr 15 vear follow up. This study is weak 
in that exsmokmg women were included among the *‘nonsmokers ’ and nonsmoking women exposed to 
exsmokcr husbands were included in the “nonexposed ** The weakness of the study is emphasized in that 
the smoking women had a lower overall death rate (33 49c) than the nonexposed nonsmokers (38.1 r c). 


ro 

© 

ro 

CO 

cn 

b* 

b* 

05 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Table B2. Annual UiS. female deaths from all causes from passive smoking 



Neversmoker 
Death Rates 
from Hammond 
(1966) at 

Decrement 
due to heart 
death rate 

Corrected 
Neversmoker 
death rate at 

Neversmoker; 
death rate 
corrected 

POpulknon 

Fraction 

Relative Risk 
Constant at 1.165 

Age 

enrolled age 

1963—84 

enrolled age 

to age of death 

exposed 

of population 

Excess 


Range 

per 100.000 

per 100.000 

per 100.000 

per 100.000 

1000 s 

exposed 

DR. 

Deaths 

35-39 

136 

3.6 

132.4 

120 

5781 

094 

17.1 

991 

40-44 

178 

6.4 

17h6 

155 

4252 

0.92 

22.2 

944 

45-49 

254 

8.2 

245-8 

212 

3423 

0J89 

30.5 

1044 

50-54 

352 

16.8 

335 i2 

300 

3355 

0.87 

43.3 

1452 

55-59 

561 

38 

523 

445 

3495 

0,84 

bV:.5 

2254 

60-64 

867 

87 

780 

675 

3228 

0 77, 

98:8 

3190 1 

65-69 

1492 

171 

132li 

1070 

2912 

0 70 

I58;3 

4609 

70^-74 

2585 

346 

2239 

1830 

2030 

0.59 

275.2 

5586 

75-79 

4790 

576 

4214 

3250 

1472 

049 

496.1 

7303 

80-84 

8408 

832 

7576 

6000 

547 

0:29 

944.8 

5168 

85+ — — 

Totals 

Deaths per million total population 


lOiOOO 1 

100 

30595 

0 JO 

1623 

Ml.7 

1623' 

34)64 

143 


Lee era/; (1986) report data on chronic bronchitis life long 
nonsmoking in males exposed to a smoking spouse. Based on 
nine cases the adjusted relative risk was 0.34. However, for 
general 1 exposure (4 cases) a positive relative risk was ob¬ 
served. No analysis of these data was attempted. 


Appendix C 

Rate difference model for assessing female ischemic 
heart deaths from passive smoking 

A rate difference or absolute risk model was investigated 
for female ischemic hean disease in order to compare it to 
the relative risk models in ability to translate experience from 
one type of culture to another. Female ischemic hean disease 
was chosen because considerable dkta exist and because heart 
disease is the largest contributor to total deaths. Also, the 
relative risk model seems already to be well established for 
lung cancer (Wald etal., 1986; Blot and Fraumeni. 1986) so 
a comparison in another disease category appeared to be ap¬ 
propriate. 

Data from the four cohort studies (see Table 4) were com¬ 
bined using the direct pooling equations described on page 
183 in Rothman (1986). The two case/control studies were 
omitted. Although their combined rate difference was essen¬ 
tially the same as that for the cohort studies, no good way 
could be found to combine it with that from the cohort studies. 


Death rates for exposed and not exposed populations were 
obtained by dividing the observed deaths in each category by 
person years which were equated to the mid-point populations 
multiplied by the years of followup. The rate difference was 
then obtained by subtracting the nonexposed death rate from 
the exposed death rate. Variances and weights were calculated 
by Rothman's formulae. The combined rate difference was 
obtained by summing the weighted rate differences and di¬ 
viding by the sum of the weights. Confidence limits (95C?) 
were equated to the rate difference ±1,96 (variance)-'. 

The results of rhese calculations are summarized! in Table 
Cl. The cohort data were also combined using Program 7 of 
Rothman and Boice (1982) with results essentially identical 
to those shown in Table Cl for direct pooling The relative 
heterogeneity of the relative nsks (RR) vs. the rate differences 
(RD) can be approximated by considering the range of RR- 
1 versus the range of RD. The range of RR-l is from 0 16 to 

2.6 for a factor of 16j3. The range of the rate differences is 

3.7 to 262 ora factor of 71. The ratio for the two large studies., 
Helsing era/. (1988) and Hirayama (1984b )l for RR-l is 0:24' 
0.16 » 1.5 and for RD is 20.7/3;7 = 5.6. The 95% confidence 
limits for the rate ratio combination is tighter than for the 
rate difference combination. Also, the Hirayama study dom¬ 
inates the rate difference aggregation much more than ini the 
rate ratio aggregation, providing 64% of the combined weight 
(last column of Table Cl) in the rate difference case vs. only 
17% of the combined weight in the rate ratio case. 


Table Cl. Rale difference calculations for female ischemic hean disease. 


Relative Risk 
from Table 4 



Total 

Cases 

RR 

95% C.L 

Cohort Studies 

Hirayama (1984b) 

494 

1.16 

0.9- L4 

Gillis et al. (1984J 

21 

3.6 

0.9-13:8 

Garlind etal: (1985) 

19 

3.5 

0 9-136 

Helsing « al. (1988) 

988 

1.24 

U- 1.4 

Combined Cohort 

1522 

1.23 

1.1- 1.4 


Rate difference 



x 1 0‘ 

Weights 

fnr X > n 

RD x 
weight 

x |0- : 

RD 

95% C.L 

lOi l\U 

X 10- 


3 7 

-2.1- 96 

lino 

41 4 

169.1 

30.7-307,6 

■ 

3 4 

262.2 

36.0-488 4 

0 8 

2.0 

20,7 

-G.2- 41.6 

88 

18:2 

5 4 

-0.2- 11.1 

1201 

65 0 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Table Dl Regional panicle deposition from mouth breathing of side stream smoke 


Aero¬ 

dynamic 

diameter 

*im 

Cube of 
diameter 

Relative 

concentration' 

Relative 
Volume 
(Weight) 
per O.ly-m 

0.20 

.008 

1.5 

0.006 

0.25 

.016 

6.5 

0.051 

0.30 

.027 

10:0 

0 135 

0.35 

.043 

13,0 

0.280 

0 40 

.064 

13.0 

0416 

0 45 

.091 

6.5 

0:296 

0.50 

.125 

3.5 

0:328 

0.60 

.216 

1.25 

0.270 

0 70 

.343 

0.5 

0.172 

0.80 

.512 

0.25 

0.128 

0 90 

.729 

0.05 

0.036 

1.00 

1.0 

0 

0 

2.118 



Fraction of inhaled 
panicle mass deposited' 

Mass 

deposited as 
of iota! 1 
mass inhaled 

mass 

Distribution 

9r 

mouth 

throat 

tracheo¬ 

bronchial 

alveolar 

0.3 

0 

0 

0.13 

0.04 

2 4 

0 

0 

0.122 

0.29 1 

6.4 

0 

0 

0.115 

0,74 

13.2 

0 

0 

0 108 

1 43 

19.6 

0 

0 

0,10 

1.96 

14.0 

0 

0 

0.105 

1.47 

16.5 

0 

0 

0.11 

1.71 

12.7 

0 

0 

0.115 

1 46 

8.1; 

0 

0 

0.12 

0.97 

6.0 

0 

0 

0.13 

0 78 

1.7 

0 

0 

0.14 

0.24 

0 

99.9 

0 

0 

0.15 

ill 


‘From Hiller rial (19S2). Fig 1 

K From,Heyder'(1984). Table L 250 cm''second mean flow rate. 4 second breathing cycle. 


This domination of the rate difference model by the Jap* 
anesc study is evident from some rough death calculations. 
Use of the combined rate difference (5.4 x 10 *) with the 
exposed femalfc population from Table A4 (50.6 million) 
yields total deaths of 1.652 compared with 9.768 calculatedi 
from the constant rate ratio model l When the rate differences 
are plotted against age of death and weighted accordingly it 
is found that the "western** rate differences increase sharply 
with age whereas the Japanese rate difference stays constant 
at about 4 x 10 fc \ Constructing a weighted average of these 
"western * and “eastern’* death rates for each of the 5 year 
age ranges and multiplying by the corresponding exposed pop¬ 
ulations yields a total of about 2.100 deaths compared with 


7.602 in the second relative nsk model! Use of the Japanese 
data alone yields about 1.200 deaths. Use of only the “west¬ 
ern" data (Gilhs ei ai , 1984; Garland ei al. . 19SS: Helsing 
et al.) at a constant rate difference yields 7.950 deaths while 
use of "western" data with the rate difference varying with 
age yields about 30.000 deaths. Thus, the death calculations 
using rate differences are quite volatile. Also, it is evident 
that with the rate differences it is not feasible to cam over 
the "eastern" experience, in ischemic heart disease at. 
least, for use in a "western" setting. Accordingly, it was 
concluded that the absolute nsk model: is not as suited to 
combining risks for passive smoking as the relative risk 
models. 


Table D2: Regional panicle deposition from nose breathing of sidestream smoke. 


Aero¬ 

dynamic 

diameter 

iim 

Mass 

distribution 

c r t 


Fraction,of inhaled 
panicle mass deposited* 


Mass deposited as 

of total mass 
inhaled 

nose 

mouth i 
throat 

tracheo¬ 

bronchial 

alveolar 

nose 

alveolar 

0,20 

0.3 

0 

0 

0 

0.19 

0.00 

006 

0,25 

2.4 

0.005 

0 

0 

0.172 

0.01 

0.41 

0:30 

6.4 

0.01 

0 

0 

0.155 

0.06 

0.99 

0.35 

13.2 

0.015 

0 

0 

0.138 

0.20 

1.82 

040 

196 

0.02 

0 

0 

0.12 

0.39 

2.35 

0.45 

14.0 

0 03 

0 

0 

0.122 

0.42 

1.70 

0.50 

15.5 

004 

0 

0 

0.125 

0.62 

1.94 

0.60 

12.7 

0.05 

0 

0 

0.128 

064 

I 63' 

0.70 

8.1 i 

0.06 

0 

0 

0.13 

0:49 

1 05 

O.RO 

6.0 

0.077 

0 

0 

0.153. 

0146 

0:80 

090 

1i7i 

0.093 

0 

0 

0.137 

0. 1 16 

0:23 

1.00 

0.0 

Oil 

0 

0 

0.14 

0-00 

O.Odi 







345 

12 99 


'From Table DU 

"from Heydcr (1984). Table 2. 250 enf second mean flow rate. 4 second breathing cycle 
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Table D3 Smoke Particle deposition patiems in direct and passive smokine 



Direct Smoking 

Passive Smoking 

Direct Passive 

Entry sue 

Mouth 

Nose 


Particulate inhaled per day. mg. 

240 

2.8: 

86 

Particle Size inhaled, mjh 

0 7 

0.4 

Particle size exhaled. 

0.7. 

0.4 


Retained in nose. % 

0 

3.5 


Retained in mouth. % 

25 

0 


Retained in tracheo-bronchial region. % 

35 

0 


Retained in near alveolar region. % 

11 

0 


Retained in deep alveolar region. % 

9 

13 


Total retained. % 

80 

16.5 


Particulate retained, toul. mg 

192 

0.46 

417 

Paniculate retained, alveolar, mg 

48 

0.36 

133 

Partieulite retained, deep alveolar, mg 

22 

0.36 

61 


Appendix D 

Dose considerations 

As noted in the text, there is a wide difference between 
the observed disease ratio between passive and active smokers 
and the ratio of cigarette smoke paniculate retained by each. 
Also, the cancer sites appear to differ. On the assumption 
that pan of these differences may be due to differences in 
deposition sites between passive smoking and active smoking, 
calculations were earned out to try to pinpoint these differ¬ 
ences. 

The tabulations for passive smoking are reasonably 
straightforward. Stober (1984) has summarized all the uncer¬ 
tainties in this type of calculation. Nevertheless, the best ap¬ 
proach appears to be to use the data of Hiller et al. (1982) 
for the panicle size range of side stream smoke, centering 
around 0.4 p.m. and the mathematical lung modellof Heyder 
(1984) for inert particles. Integration of these two data sets 
yields a distribution of deposited weights by panicle size for 
mouth breathing (see Table Dl) which, when summed; yields 
exactly the total deposition observed by Hiller et al:. (1982) 
indicating that the Heyder model'holds for passive smoking. 
The same inhaled panicle size distribution can then be applied 
to Heyder's nose breathing case (see Table D2) which yields 
nasal deposition of 3;5% and deposition in the alveolar region 
of the liing of 13 07c. The model predicts zero deposition for 
both the mouth;throat and the tracheo-bronchial regions. 
From the deposition curves of Gerriry et al. (1979) (Fig. 2) 
for iron oxide extrapolated to a particle size of 0.25 p.m (which 
is equivalent to an aerodynamic diameter of 0 4 ^m) it appears 
that all of the lung deposition from passive smoking probably 
occurs deep in the alveolar region at generation 19 or beyond. 
Black and Pntchard (1984) have determined the half-time for 
alveolar retention for direct cigarette smoke to be 17 hours 
indicating that the smoke particles dissolve and dear into the 
blood or lymph system. There is every reason to believe that 
the passive smoke particles clear the same way. 

With direct smoking there has so far been no model de¬ 
veloped that explains the observed phenomena, namely that 
the inhaled panicle size is about 0.7 >m. that 707c to 807c 
of the inhaled smoke is retained, that 15 to 35% is retained 
m the mouth, and that the exhaled panicle size is also about 
0.7 p.m; The Heyder model at 0T nm would predict total 
retention of only 12%. To achieve 75% retention, the Heyder 


model would require an effective panicle size of 6.5 umi Main 
stream smoke is known to agglbmerate. but if it agglomerated 
to 6.5 p.m, the exhaled smoke, according to the Heyder 
modell would be about 6 nrrh much too large compared to 
that observed. Mitchell (1962) observed that direct smoke 
panicles grow in the mouth to about 1.15 ^m, and that the 
smoke exhaltd from the lung after a 5 second retention period 
had a mass median diameter size of 0.65 nm. Let us assume 
that the 0.65 p.m pan of the smoke follows Heyder's model 
and that 207c of the total smoke inhaled was exhaled 1 all from 
the 0:65 ixm fraction. The inhaled pan of the smoke corre¬ 
sponding with the 0.65 p.m part exhaled would have the same 
particle size and would deposit about 12%:. deep in the al¬ 
veolar region. This is 12% of 22.7% of the total smoke in¬ 
haled! or 2.77c of the total inhaled smoke. The balance of 
the inhaled smoke (77%) would have a larger average particle 
size, about 1.3 M-m. Black and Pntchard (1984)found. based 
on clearance data, that the rates of alveolar deposition to 
alveolar plus tracheo-bronchial deposition, ini direct smoking 
is 0.36. Also, as noted, some amount, say 257c of the total 
inlet smoke should deposit in the mouth and throat, all of 
which would have to come from this larger size fraction. Sum¬ 
marizing these numbers, of the 100 - 20 - 25 = 55% of 
total smoke paniculate that reaches the lung and is not. ex- 
halted, 0 j 64 x 55 = 35 7c deposits in the tracheo-bronchial 
region and 0.36 x 55 = 207 f deposits in the alveolar region; 
We have already accounted for 3% of the alveolar deposition 
from the 0.65 particles. The remaining 17% would come 
from the larger panicles. Based on the alveolar/tracheo-bron- 
chiai split and using the curves of Gemtyer al. (1979) it would 
be expected that about 2/3 of the alveolar deposit or 11% 
would deposit in the “near** alveolar, region, generations 16- 
18. and 6% in the “deep” alveolar region., generations 19- 
21, for a total “deep” alveolar deposition of 97c . These cal¬ 
culations are summarized in Table D3. 

Just what the mechanisms are for so much direct smoke 
deposition remains unclear. Certainly impaction and sedi¬ 
mentation (the Heyder model) do not account fon it. Stober 
(1984)isuggests that electrical!charges in the newly generated 
smoke panicles (see Melandri et al. 1983) may account! for 
some of it. Another possible mechanism is the cloud settling 
phenomenon as described by Fuchs (1964). 

Whatever the mechanism^ a reasonably clear idea of the 
regionalIdeposition patterns from direct and passive smoking 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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can be obtained as shown in Table D3. The nasal deposition 
from passive smoking could account for the observed nasal 
sinus cancer. Also, if the observation of Baiin a ai (1986) is 
correct that there is a direct passage for toxics from the nose 
to the brain, it could also account for the observed brain 
cancer. Ih the deep alveolar region the ratio of direct to pas¬ 


sive deposition is much closer to the inhaled ratio than to the 
"total retained’* ratio. It is from the deep alveolar region that 
the smoke panicles are solubilized and clearedimto the blbodi 
and lymph systems possibly to cause cancers of the liver, 
breast and endocrine glands, leukemia^ lymphoma and ar¬ 
terial pUques. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Cardiovascular Risks of Environmental 
Tobacco Smoke 

The adverse effects of Environmental l Tobacco Smoke 
(ETS) or passive smoking are being increasingly rec¬ 
ognized 1 by the scientific community. The detection of 
a considerable number of carcinogens at significant con¬ 
centrations in tobacco smoke ltd to studies on risk as¬ 
sessment of ETS. There are numerous studies on the 
carcinogenic impact of ETS, among them several pub¬ 
lished 1 in Environment International. The reason for 
starting with carcinogenic risk was the availability of 
the needed methodology for carcinogenic risk assess¬ 
ment. These methods. initially developed for ionizing 
radiation, were applied to chemical carcinogens and 
physical agents, and later on to mixtures. Despite their 
shortcomings, methods for cancer assessment have found 
acceptance by international organizations and by na¬ 
tional regulatory agencies and are routinely applied in 
the regulator) process. 

-in contrast to cancer assessment, the assessment of 
risk associated with the exposure to agents causing car¬ 
diovascular diseases is in its infancy. There are no con¬ 
vincing dose-response models for these diseases and 
available animal models do not readily lend themselVes 
to a quantification of cardiovascular risks. Available 
data: indicates that: two to three times as many people 
die from, heart diseases as compared to those who die 
from cancer. If one takes into account the age of the 
affected individuals, this ratio is increased to about five 
to Severn In other words, the population in the indus¬ 
trialized nations Ibses five to Severn times the number 


ol years of life to heart disease as compared to cancer. 

This issue of the Journal contains a paper on the 
potential risks associated with exposure to ETS. The 
paper by Wellfc is an attempt to quantify this risk based 
on available statistical data. Because this paper is prob¬ 
ably the first of its kind, the editors were particularly 
concerned over the validity of the original! data, their 
application! to risk assessment , and the statistical treat¬ 
ment of the subject. 

The editors received recommendations from three 
reviewers. Two reviewers recommended publication 
subject to revisions recommended by them. A third 
reviewer recommended rejection of the paper on the 
basis that the paper was too speculative. This latter 
reviewer did not provide any specific recommendation 
on how to improve the quality of the paper! Despite 
the “mixed*’ review, we chose to publish the paper. 

Given the current status of cardiovascular risk as¬ 
sessment. there is no doubt that the estimates provided 
by Wells will be less than accurate. However, there is 
no reason to doubt that ETS may be associated:with a t 
considerable cardiovascular risk. 

The role of the scientific community is to provide 
the societal decision makers with the best available sci¬ 
entific information. The availability of the paper on the 
health risks of ETS will provide these decision makers 
and the general public with the needed information. It 
is not unreasonable to expect that this new information 
will become the basis for additional restrictions of smok¬ 
ing in public places 

A. Alan Moghissi 
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AN ESTIMATE OF ADULT MORTALITY IN THE 
UNITED STATES FROM PASSIVE SMOKING; 
A RESPONSE 


Dear Editor. 

The health implications of environ menu! tobacco 
smoke (ETS) remain controversial. Neither the pub¬ 
lished reports nor statements from public health of¬ 
ficials and agencies have resolved the question of 
ETS health effects, nor are they likely to in the near 
future. 

A. Judson Wells’ paper, "Estimate of Adult Mor¬ 
tality in the United States from Passive Smoking" 
(1988) is yet another effort to draw scientific verity 
from a reassessment of published epidemiological 
data. But this new look does not change the quality 
or meaning of the existing evidence, which remains 
equivocal. Neither does it substantively support the 
author's statement that exposure to ETS "can have 
adverse long term health effects that are more serious 
than previously thought*. 

The conclusions of nonsmokers* increased risk of 
lung cancer from ETS exposure found in the reports 
of the National Academy of Sciences (NRC 1986) 
and of the Surgeon General (USSG 1986) were based 
on epidemiological studienhat produced a wide range 
of findings. The relative risk (RR) values summa¬ 
rized in Table 12.4 of the NAS report ranged from 
0.50 to 3.25, with 17 out of 20 risk estimates (for 
subgroups by sex) lacking statistical significance. 
In seven additional reports since the NAS docu¬ 
ment was published, relative risk values ranged from 
*<1.00" to 1.65, with only the Utter being statisti¬ 
cally significant. The RR values from all 29 sub¬ 
groups in the 20 studies included in the NAS report 
plus those published later are summarized in Table 1 
herein. 

All of the epidemiological studies that comprise 
the data base for estimating nonsmokers' risk of long 
cancer in relation to ETS are actually estimates of 
association based on spousal smoking. In not a single 
study was either exposure to ETS or retained dosage 
determined. A few studies have attempted to estimate 


the degree of exposure to spousal smoking in terms 
of hours per day or total years of exposure, but none 
of the studies measured ETS exposure in objective 
and quantitative terms or even estimated ETS expo¬ 
sure with any degree of reliability. Proximity to a 
smoker sitting across the dining table does not permit 
an estimate of the nonsmoker's exposure to ETS, 
which will vary according to room volume, ventila¬ 
tion rates, the physical and chemical changes in ETS 
as it ages, and other factors that influence the con¬ 
centrations and duration of ETS exposure. A spouse's 
smoking in another room or in another building can 
have even less or no significance at all in assessing 
the possible role of passive smoking on a subject's 
health. 

It should be recognized, also, that association can 
never establish causality. At best* association can 
only suggest the possibility of causality. Feinstein 
(1988), discussing public alarms based on epidemio¬ 
logical studies, recently pointed out-that "a causal 
suspicion is supported if an impressive statistical 
association appears in the 2 by 2 tabulation for sub¬ 
groups of people reported as being exposed or non- 
exposed, diseased or noodisetsed". 

There are many ways to look at data and try to 
draw meaning from the aggregation of values. After 
deciding that the 13 studies which survived critical 
assessment did not, individually or collectively, sup¬ 
ports definitive conclusion on the riik of lung cancer 
in relation to spousal smoking, the NAS Committee 
performed a meta analysis on the aggregated data, 
leading to an estimated risk increase of about 34% 
for nonsmokers married to smokers. This estimate 
has been questioned on a variety of grounds by a 
number of investigators (Letzel et al. 1988). 

It can be argued that even if a first order relation¬ 
ship does not exist between disease and passive smok¬ 
ing in the epidemiological studies, the data used by 
Welli are the best evidence available. And it can be 
argued that even the iniy of values shown in Table 1 
is not impressive in the seme that Feinstein specifies, 
there are other ways of testing the data, as has been 
done by Wells. 


ITS 
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Table 1. Sutiaucal lignifictncc of risk val«ti for lung casccr ia rmiitioc 10 ipoottl tBokifig. 



Not Statistically 

Statistically 

Investicatcr 

Sicnificant 

_irg:.if leant 


Wale 

Fenale 

Kale Feaale 

•Chan and Fung (1982) 


0.75 


•huffier et al. (1984) 

0.50 

0.78 


Palagtr et al. (1986) 

<1.00 



•Rabat and Vynder (1984) 

1.00 

0.79 


Cao et al. (1987) 


0.9 • 


•Cillis et al. (1984) 


1.00 


•Lee et al. (1986) 


1.00 


Cao et al. (1987) 


1.1 * 


Shiaizu et al. (1988) 


1.1 


•Carfinkel (1981) 


1.17® 


•Pershagen et al. (1987) 


1.20 


Vu et al. (1985) 


1.20 


•Lee tt al. (1986) 

1.30 



•Carfinkel et al. (1985) 


1.31® 


•Akiba et al. (1986) 

1.80 

1.50 


•Koo et al. (1984) 


1.64 


Brovnion et al. £1987) 


1.68 


Suable et al. (1987.) 

>1.80 

1.80 


•Correa et al. (1983) 

2.00 

2.07® 


•Hirayata (1981) 



2.25 1.63 

Laa et al, (1987) 



1.65 

•Trichopouios et al. (1981) 



2.11 

•Cillis et al. (1984) 


3.25 



* Risk values from Table 12.4, National Academy of Sciences Report (1986) 
a Exposure in adult life, 
b Exposure ia childhood. 

c Statistically significant treads ia one or more data sobs els within the study. 


There remains, however, the fundamental question 
of the quality of the individual underlying studies 
whose data are under consideration. Many of the 
epidemiological studies assessing the risk of lung 
cancer from spousal smoking have been criticized for 
a variety of methodological flaws and weaknesses, 
especially with regard to the potential for misclasai- 
fication (Oberla 1987; Balter et al. 1986; Lebowiu 
1986; OTA 1986). 

Misclassiftcation of subjects is a source of error 
where patients claiming to be never smokers are in 
fact current or exsmokers. Wells conceded the likeii* 
hood of 5% misclassiftcation. But misclassiftcation 
of smoker status has been found at leveit from 10% 
to 40% (Schwartz et al. 1988; Weiaa 1988). NAS 
noted the likelihood of misclassiftcation and lowered 
its estimate of the elevated risk to 25% from 34%* 
but it failed to indicate whether the lower value was 


statistically significant. (NAS found the combined 
risk from American studies a 14% increase, which 
was not statistically significant.) 

Misclassiftcation of disease can also be a source 
of error. There was a marked potential for misclassi- 
fted disease in the studies having statistically signif¬ 
icant risk ratios in the NAS and Surgeon General's 
reports. In Hirayama'a study of Japanese women, bis 
1984 report suggests that only 21 of the 200 lung 
cancer cases (10.5%) were histologically confirmed, 
while the Surgeon General*! report suits that "none* 
were verified. Akiba et al. (1986) studying survivors 
of the Hiroshima and Nagasaki atom bombings, noted 
43% of the lung cancer cases had not been histolog¬ 
ically confirmed. Weiss (1988) notes that ‘thirteen 
percent of the cases (in Garfinkel's study] proved on 
review not to involve lung cancer". 
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Misclassification of exposure ctn be a source of 
uncertainty in studies that attempt to find exposure- 
response relationships. There is little basis for con¬ 
sidering estimates of spouses' smoking to be reliable. 
Pron et al. (1988) concluded that "test-retest esti¬ 
mates of reliability [over a six-month time span] 
would suggest that misclassificaiion of such expo¬ 
sures may be extensive". Vogt (1977) found "twenty- 
two percent of persons gave different answers on the 
two questionnaires [on the number of cig&rtues smoked 
per day] given about an hour apart". 

Among the variety of flaws and weaknesses found 
in the various epidemiological studies on ETS and 
lung cancer, it is worth noting the age bias found by 
Ahlborn and Oberla (1988) in Hirayama’s study and 
their conclusion that "the risk increase ... disappears 
completely when one removes selection bias by age". 
Oberla (1987). highlighting the weaknesses of the 
epidemiological studies comprising the NAS data 
base, bad earlier concluded. "False plus false does 
not equal true." 

In addition, most of the epidemiological studies 
have failed to take into account significant confound¬ 
ing factors in assessing long cancer risk in relation 
to ETS. Many risk factors for lung cancer have been 
identified, including exposure to heavy metals, or¬ 
ganic chemicals, combustion by-products, natural and 
man-made radiation, diet, and nutritional status, per¬ 
sonal health history, emotional, and psychological 
factors. Holst et al. (1988) recently reported signifi¬ 
cantly increased risk in relation to keeping pel birds 
and to reduced vitamin C intake. Gao et al. (1987) 
found no significant increased risk for Chinese women 
in relation to passive smoking or type of employment 
but did find significantly increased risk in relation to 
previous lung disease, cooking practices, and shorter 
menstrual cycles, reflecting hormonal factors. Some 
of these factors may act independently, but many may 
interact Any attempt to assess the role of one factor 
must take into account all other relevant factors. 

None of the epidemiological studies on spousal 
smoking took into account confounding factors other 
than attempting to match cases with controls by age, 
residence, and general socio-economic status. Of the 
20 epidemiological studies, those by Hirayama and 
by Lam et al. (1987) have the two largest number of 
lung cancer cases, with the increased risk in both 
being statistically significant. Both studies art of 
Oriental populations, which suggests that many fac¬ 
tors like cooking practices and fuels for cooking and 
heating should have been controlled. 

All of the studies included in Wells* Table 4, on 
which he based his estimate of heart disease deaths 


related to passive smoking, similarly fail to consider 
the confounding effect of the many cardiovascular 
disease risk factors that have already been estab¬ 
lished for that disease. 

Some observers have commented that increased 
risk of lung cancer from ETS exposure seems implau¬ 
sible because the ETS components are so dilute in 
ambient air compared to the concentrations of these 
substances in mainstream smoke. In addition, it has 
been found ihat nonsmokers retain far less of inhaled 
ETS than active smokers retain of mainstream smoke. 
Wells noted that "smoke retention by a passive smoker 
is only about 1/400 that retained by a direct smoker in 
a 16 hour day". This is more than one order of magni¬ 
tude greater than Ricken's calculation (1988) that non- 
smokers exposed to ETS retain about 1/8000 the 
amount of paniculate matter retained by the active 
smoker. Lee (1988) cited estimates of the same range: 
1/5000 for males, 1/10 000 for females. Ail of these 
estimates are probably on the high side, since none 
of the studies appears to have considered the chemi¬ 
cal and physical changes that occur as ETS ages and 
the losses of ETS through evaporation, fallout, and 
deposition over time. 

Other observers have commented on the implausi- 
bility that lung cancer in nonsmokers might be caused 
by ETS. Aviado (1988) noted that none of 17 constit¬ 
uents of ETS "designated as suspect carcinogens ... 
[has] been adequately shown to cause pulmonary 
cancer via inhalation in animals". Crawford (1988) 
noted that "no atypical cellular changes have been 
found in the lungs of nonsmokers". Lee (1987) con¬ 
cluded "that exposure to smoke constituents of non- 
smokers is too low to explain the moderate increase 
in risk of lung cancer seen in epidemiological studies 
in self-reported never smokers married to smokers. 
Thij increase in risk is much more plausibly ex¬ 
plained by misciassification of smokers as nonsmok¬ 
ers than by a direct effect of passive smoking". 

Wells has attempted to make his calculation of 
annual deaths from exposure to ETS appear more 
reasonable by comparing it to the larger estimate of 
Repace and Lowrey, but their estimate has been se¬ 
verely criticized because the controls were Seventh 
Day Adventists (SDA) whose life style is so radically 
different from that of the non-SD As married to smok¬ 
ers that the comparison is considered inappropriate 
(OTA 1985; Balter et al. 1986; Oberla 1987). 

Taking these and other factors into account, 
Gostomzyk (1986) concluded, following Lhe Interna¬ 
tional Experimental Toxicology Symposium on Pas¬ 
sive Smoking in Essen, FRG, that "even toxicology 
has not been able to ascertain with any greater degree 


rc 
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of probability this did epidemiology that there exists 
a link between damage to health and passive smok¬ 
ing*. 

Perhaps it is the weight of these facts, interpreta¬ 
tions, and opinions that caused no less an authority 
than the American Cancer Society to assert last year 
that "the currently available evidence is not suffi¬ 
cient to conclude that passive or involuntary smoking 
causes lung cancer in non smokers../ (ACS 1988). 

A final comment: both the title and the content of 
the editorial lhai accompanied the Wells paper sug¬ 
gests that the paper provides stronger evidence of 
risk of cardiovascular disease (CVD) for nonsmokers 
married to smokers than the paper in fact ofTers. In 
1986, both the NAS and USSO reports noted the lack 
of convincing evidence of significant CVD risk from 
ETS exposure. More recently. Fielding and Phcnow 
(1988) commented on papers reporting an associa¬ 
tion between ETS exposure and CVD risk, conclud¬ 
ing that "no fixA-xonclosioB a causal rebtion 
exists is yet warranted". 

Wells* calculations with respect to CVD are baaed 
on data from epidemiological studies thtt have the 
same weaknesses u the lung cancer studiea. There 
is, thus, no basis for greater confidence in his esti¬ 
mate of bean disease deaths in relation to ETS than 
his estimate of lung cancer deaths. 

It is commesdable that those who are not satisfied 
continue to seek more meaning from the data. But in 
an issue as serious ss this, it is important to note when 
the dau fail to meet the standards for scientific in¬ 
ference. 

Alan W. Eatzenaam 
rattens tain Associates 
Larthmow, NY 10538 
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AN ESTIMATE OE ADULT MORTALITY IN THE 
JNITED STATES FROM PASSIVE SMOKING; 
ARESPONSE 


Deir Editor: 

Wells (1988) estimatosthtt exposure to environ¬ 
ments! tobacco smoke (CTSJMcauses 46 000 deaths 
per year in the U.S.; 3000 fronting cancer, 11 000 
from other cancers, and 32 000 frbqr heart disease. 
These estimates are scientifically unjuhified. Far too 
much faith is placed on results from often fragile 
epidemiological studies, with major sources^! bits 
ignored or totally underestimated. In contrast, faHoo 
little faith is placed on evidence that nonsmoke? 
have very much lower exposure to tobacco smoke 


constituents than do smokers, and that smokers j*e 
much more exposed to ETS than nonsmokers/ 

The evidence that exposure to ETS increases the 
risk of developing bean disease is extremely uncon¬ 
vincing. Of the studies cited by WeJlrTsome are based 
on unacceptably small numbepa^of cases, e.g., Car- 
land et al. (1985) where onjynvo deaths occurred in 
women married to nevt^smoking husbands, while 
the only two studipYwith substantial numbers of 
deaths art both o£en to question. 

When refeprficing the Japanese prospective study. 
Wells useful in y tint's 1984 report of a statistically 
significant positive trend in wife's age-adjusted risk 
according to husband's smoking, but does not corn¬ 
et on the fact that, in 1981, Hirtytmt reponed no 
^association whatsoever. As shown in Table 1, the 


Tibia 1. Ft melt reletiva risks for I 


lallperiod 


disease from puqivc smoking in JipuiM study. 

-Huibihti'a imoklnt habit 


Kon-imoker 


1966-79 

/ 406 

1 

1980-82* y 

r 58 

1 

1966-82 / 

494 

1 


1 Eidmata^'trora 1964-79 data (Hirayama 1911) and from 1966-12 data (Hirayama 1964). Tba I9i 
paper provided relative a amber* of deaths u 111, 240* and 136. 
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AN ESTIMATE OF ADULT MORTALITY IN THE 
UNITED STATES FROM PASSIVE SMOKING; 
A RESPONSE 


Dear Editor: 

Wells (1988) estimates that exposure to environ¬ 
mental tobacco smoke (ETS) causes 46 000 deaths 
per year in the U.S.; 3000 from lung cancer, 11 000 
from other cancers, and 32 000 from heart disease. 
These estimates are scientifically unjustified; Far too 
much faith is placed on results from often fragile 
epidemiological studies, with major sources of bias 
ignored or totally underestimated. In contrast, far too 
little faith is placed on evidence that nonsmokers 
have very much lower exposure to tobacco smoke 


constituents than do smokers, and that smokers are 
much more exposed to ETS than nonsmokers. 

The evidence that exposure to ETS increases the 
risk of developing heart disease is extremely uncon¬ 
vincing. Of the studies cited by Wells, some are based 
on unacceptably small numbers of cases, e.g.. Gar¬ 
land et ai. (1985) where only two deaths occurred in 
women married to never-smoking husbands, while 
the only two studies with substantial numbers of 
deaths are both open to question. 

When referencing the Japanese prospective study. 
Wells uses Hirayama’s 1984 report of a statistically 
significant positive trend in wife’s age-adjusted risk 
according to husband’s smoking, but does not com¬ 
ment on the fact that, in 1981, Hirayama reported no 
association whatsoever. As shown in Table 1. the 


Table li Female relative risks for heart disease from passive smoking in Japanese study. 




-Husband's 

smoking habit 

Follow-up period 

Total 

cages 

Non-smoker 

i 2 L,£ r 

2St±Iiix 

1966-79 

406 

1 

0.97 

1.03 

1980-82* 

86 

1 

2.85 

5.07 

1966-82 

494 

1 

1.10 

1.30 


1 Estimated from 1966-79 data (Hirayama 1981) and from 1966-82 dau (Hirayama 1984). The 1984 
paper provided relative numbers of deaths as 118, 240, and 136. 
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1966-79 and 1980-82 data arc totally inconsis¬ 
tent and statistical! tests confirm the highly sig¬ 
nificant (p<0.001) interaction between relative 
risk and period of follow-up. A possible expla¬ 
nation might be that the 1981 data, but not the 1984 
data, were standardised additionally for occupation, 
but if this was important, why did Hirayama not 
standardise for occupation in 1984? 

The Maryland prospective study (Helsing et ai. 
1988), which reported a 24% increase in heart dis¬ 
ease risk in women, based on 988 deaths, and a 31% 
increase in men, based on 370 deaths, in relation to 
living with a smoker, has a number of features that 
should be considered when interpreting the data. No 
attempt was made to follow-up people moving out¬ 
side Washington County, thus presumably missing 
large numbers of deaths. No dose-response relation¬ 
ship was reportedi Adjustment for age, marital status, 
years of school and quality of housing had an enor¬ 
mous effect on relative risk, changing estimates from 
1.17 to 1.31 in men and from 0.66 to 1.24 in women. 
No direct adjustment was made for household size, 
despite the fact that the larger the household, the 
more likely it is to contain a smoker. Furthermore, no 
direct adjustment was made for the possible correla¬ 
tion of household size with various coronary risk 
factors. Also, data were unavailable on a whole range 
of factors, such as diet and exercise, which might 
differ in families with and without smokers. In short, 
several potential confounders were apparently not 
controlled for. 

Wells does not consider the problem of publication 
bias. This may be particularly acute for heart disease. 
After all, it is a vastly more common disease than 
lung cancer in nonsmokers, but the numbers of deaths 
in Wells’ tables are only slightly greater. The possi¬ 
bility can surely not be excluded that other research¬ 
ers, perhaps with much larger and better data bases, 
have looked at the relationship and found nothing. 

The data for cancer other than the lung are even 
less convincing than for heart disease. In view of the 
much greater passive smoke exposure of smokers 
than nonsmokers, observations that nonsmokers ex¬ 
posed to passive smoking have increases in cancers 
at sites not increased in smokers seem to me to 
suggest that something is wrong with the epidemi¬ 
ological studies. And, indeed, the paper showing the 
strongest association (Sandler et al. 1985) is open to 
a number of serious criticisms (Lee 1985). Wells, 
however, remains content to include all epidemio¬ 
logical studies in his meta-analyses, regardless of 
quality, and attempts to explain obviously spurious 
relationships by an unsupported, and implausible hy¬ 


pothesis, involving an especially susceptible group 
of individuals who all die early if they smoke but die 
later by passive smoking if they do not. Mortality 
patterns for lung cancer in terms of age, dose, and 
duration of smoking are in fact well described by 
models involving no component for variation in sus¬ 
ceptibility at all. 

Wells’ estimate of 3000 lung cancer deaths per 
year based on the epidemiological data contrasts with 
that of 12 by Arundel et al. (1987) based on extrapo¬ 
lation using relative amounts of particulate matter 
retained in the lung by nonsmokers and smokers. As 
I argue at length elsewhere (Lee 1987; 1988a; 1988b; 
1989a; 1989b), it is far more plausible to conclude 
that the association observed between lung cancer 
and exposure to ETS arises predominantly because 
of bias than it arises because of a carcinogenic effect 
of such low doses of ETS. 

Misclassification of smokers as nonsmokers is likely 
to be a major source of bias in most studies and is 
one for which Wells’ correction is totally inadequate. 
He does not allow at all for the possibility of misclas- 
sified current typical regular smokers, whereas a re¬ 
cent summary of data from large studies shows an 
average rate of about 4% (Lee 1989a). Nor do his 
calculations take into account recent data (USSG 
1989) showing much higher relative risks in active 
smokers than in older studies. Preliminary calcula¬ 
tions based on these data suggest that the total num¬ 
ber of lung cancers occurring in self-reported never 
smokers in the U.S. may have been substantially 
overestimated. Rather than 12 000 the figure may be 
nearer 8000. If reasonable corrections are made for 
misclassification, the figure of lung cancer deaths 
among actual never smokers may be less than 6000. 

Wells considers his overall estimate of 46 000 deaths 
conservative. I disagree, When better data are avail¬ 
able, it may prove to be about 46 000 too high. 


Peter N. Lee 

P. N. Lee Statistics and Computing Ltd. 

Surrey, United Kingdom 
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JSOHEMIC HEART DISEASE; 
RESPONSE TO LEE 



Dear Editor: 

Dr. P. Lee question 
of my reports in 19fi 
smoking and ischemic he£ 
ing wives. 


reasons for a discrepancy 
in 1984 on husbands* 
disease risk in nonsmok- 


The 1981 report was based on a 14 year follow-up 
(n*400) and the 1984 report was based on a 16 year 
follow-up (n»494) of nonsmoking wives. The rela¬ 
tive risks of ischemic heart disease when husbands 
were nonsmokers, exsmokers, or daily smokers of 
1-19 cigarettes and 20 or more cigarettes were 1.00, 
1.06, and 1.18 (trend p : 0.061 not significant) in the 
141 year follow-up: and 1.00, 1.10, and 1.31 (trend 
p : 0.019 significant) in the 1984 report. 


Table 1. Ischemic heart disease monaiity iB\womeq by age group, by occupation, and by husbands 1 smoking habit (patient herself a 

nonsmoker). 


Husband's 
occupation 


Husband's 
age group 



[usband's smoking habit 

20*/day 


Exsmoker 

1-19/day 


Total 


Agricultural 

40-49 

8 

2.502 


v 5 . 9«1 

17 

3,636 

50 

12.079 

worker 

SO -59 

15 

3.497 

Z7 

\812 

27 

3,514 

69 

13,823 


60-69 

36 

4„084 

79 

6 ?fct 5 

27 

2.152 

142 

13,081 


70 - 

5 

323 

11 

446 s 

\2 

89 

18 

858 


Total 

64 

10,406 

142 

20.044 

\ 

9.391 

279 

39,841 

Other 

40-49 

5 

3,727 

15 

9,093 

15 

iL 128 

35 

19,948 


50-59 

n 

4.294 

29 

6,830 

23 

6^6 

63 

19,430 


60-69 

29 

3.036 

46 

5,596 

20 

2 . 499 \ 

v 95 

11.133 


70 - 

9 

432 

6 

619 

5 

137 


1,188 


Total 

54 

11,489 

98 

24.140 

63 

16,070 


51.699 


The weighted point 


1.33 

. 1.68 

V 


eatimate of rate ratio 

1.00 

i.n( 

l. 36 ( 

X 1.09 

Mantel ri 

pension 

and test-based 90 % 
confidence limits 


^ 0.92 

chi 

^539 





One tail 

p value 

Mantel-Hienszel chi 

- 

0.882 

2.331 


0.00916 

One-tail p value 

- 

0.18689 

0.00988 
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ISCHEMIC HEART DISEASE; 

RESPONSE TO LEE 

Dear Editor; 

Dr. P. Lee questioned the reasons for a discrepancy 
of my reports in 1981 and in 1984 on husbands' 
smoking and ischemic heart disease risk in nonsmok¬ 
ing wives. 


^.,n-isx a'P 0 

The 1981 report was based on a 14 year follow-up 
(n-400) and the 1984 report was based on a 16 year 
follow-up (n»494) of nonsmoking wives. The rela¬ 
tive risks of ischemic heart disease when husbands 
were nonsmokers, exsmokers, or daily smokers of 
1-19 cigarettes and 20 or more cigarettes were 1.00, 
1.06, and 1.18 (trend p ; 0.061 not significant) in the 
14 year follow-up; and 1.00, 1.10, and'1.31 (trend 
p ; 0.019 significant) in the 1984 report. 


T»ble 1. bebemie bun dilute monility in women by i|t group, by occupation, *nd by bnibendi' raokiag bebil (peucni bcneM t 

Doasmoker). 





Huibind's 

smoking 

habit 




Husband"* 

Huibind's 



Exsmoker 




Total 

occupation 

age group 

Nonsmoker 


■19/day 

20*/d*y 


Agricultural; 

40-49 

8 

2,502 

25 

5,941 

17 

3.636 

50 

12,079 

worker 

50-59 

15 

3,497 

27 

6,812 

27 

3,514 

69 

13.823 


60-69 

36 

4,084 

79 

6.845 

27 

2,152 

142 

13,081 


70- 

S 

323 

11 

446 

2 

89 

16 

858 


To til 

64 

10,406 

142 

20.044 

73 

9,391 

279 

39.641 

Other 

40-49 

5 

3,727 

15 

9,093 

15 
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Lcitfri is Bit editor 


Possible reasons would be (1) a longer follow-up 
period and more cases in the 1984 report than in the 
1981 report, or (2) husbands’ age and occupation 
were standardized for data in 1981, while data 
reported in 1984 was standardized by age only. 
However, the latter is definitely not the reason 
responsible for the discrepancy, as age-occupation 
standardized data in 1984 showed almost similar re¬ 
sults, corresponding relative risks (r.rs) being 1.00, 
1.11, and 1.36 (trend p: 0.009), respectively (Table 1). 
The results were also similar when standardized by 
wives' age, corresponding rrs being 1.00, 1.09, and 
1.34 (trend p : 0.019). Therefore, it should be con¬ 
cluded that the more cigarettes the husbands smoke, 
the higher the ischemic heart disease risk in non¬ 
smoking wives. 

In 1980-1981, r.rs of ischemic heart disease in 
nonsmoking wives were 1.00, 1.29, and 1.87 (trend 
p : 0.041) when husbands were nonsmokers, 
exsmokers/10-19 daily, and 20+ daily respectively. 
One may further consider as the possible reasons for 


this discrepancy the influence of the changing qual¬ 
ity of side-stream smoke coming out of the ignited 
end of cigarettes in recent years due to the intensive 
chemical manipulation of the products (e.g., inclu¬ 
sion of tobacco additives) in order to lower tar and 
nicotine, to improve the flavor, etc. Also, the recent 
increase in fat consumption in Japan may interact on 
the risk of ischemic bean disease when exposed to 
passive smoking. 

Takeshi Hirayama 
Institute of Preventive Medicine 
Tokyojapan 
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REBUTTAL TO LEE/KATZEN S TE1N COMMENTARY 
ON PASSIVE SMOKING RISK 


Dear Edhon 

Lee (1989) ancTltjUrenstein (1989), in their com¬ 
mentary on Wells*(198fc>-p$per, take issue not only 
with Wells’ estimates of the m*£jjitude of the mortal¬ 
ity effect of passive smoking smokers, but 

question whether mortality occurs at alKTheir argu¬ 
ments are based upon the alleged fragilityxOf the 
epidemiological studies of passive smoking anfr^is- 
ease; the potential for misclassification of subject 
disease, or exposure; possible confounding f^mrs; 
and the lower doses of smoke to which nonimokers 
are exposed relative to smokers. 

Let us examine these issues one bygone. Art non- 
smokers exposed to such low dtnriof environmental 
tobacco smoke (ETS) that estimates of 46 000 
nonsmokers' deaths per■yw from passive smoking 
are about "46 000 toojtfgh*, as Lee asserts? Perhaps 
the most salient pqklt to be considered: active smok¬ 
ing is a cause oktfore than one out of every six deaths 
in the U.S^A^every year (USSG 1989). Intentional 
exposure xd tobacco smoke has been judged to cause 
coronary heart disease, atherosclerotic peripheral vas- 

s' 


cuiir disease, lung and laryngeal cancer, oral cancer, 
esophageal cancer, chronic obstructive pulmonary 
disease, chronic bronchitis, intrauterine growth re¬ 
tardation, and low birthweight babies. In addition, 

■ stablished for un- 

infant mortality, 
as canceri of the 
associations have 
ich (USSG 1989). 
tan body remains 
> smoke. To argue, 
diseases of smok- 
smokers does not 
give us comiocDcc in uicu ucaucuve abilities. To be 
sure, it is possible that thresholds for effect may exist 
<or one or more of the diseases of smoking, but 
nek}ver Lee nor Katzensiein present any evidence 
whatever that such low dose thresholds exist, let 
alone thkv&ll nonsmokers have exposures and sus- 
ceptibilitiet^hich place them within an adequate 
margin of safety^elow such thresholds. 

Are the epidemta|ogical studies of passive smok¬ 
ing and lung cancer>«A^y *11 to be explained by 
misclassification of smokfe/t as nonsmokers as Lee 
has proposed? Nonsmokers who report no passive 
smokirg nevertheless possess levels of nicotine and 
cotinme in body fluids which are significant frac¬ 
tions of those who report a lot of exposure. For 
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Possible reisons would be (1) a longer follow-up 
period and more .cues in the 1984 report than in the 
1981 report, or fc) husbands' age and occupation 
were standardized'^ data in 1981, while data 
reported in 1984 wasSundardized by age only. 

However, the latter is d&^nitely not the reason 
responsible for the discrepancy^as age-occupat: 
standardized data in 1984 showeo s ajtnost simjWr re¬ 
sults, corresponding relative risks (r>»>bptlig 1.00* 

1.11, and 1.36 (trend p : 0.C109), respecuycly^Table 1). 

The results were also similar whe^itandarBized by 

wives’ age, conesponding r.rs befng 1.00, l.Wjjnd 

1.34 (trend p : 0.019). Therefore, it should be cchir 

eluded that the more cigarettes the husbands smoke^x 

the higher the ischenrfc heart disease risk in non- REFERENCES 


this discrepant the influence of the changing qual¬ 
ity of sidLsueam smoke coming out of the ignited 
end of cigarettes in recent years due to the intensive 
chemreal manipulation of the products (e.g., inelto- 
n of tobacco additives) in order to lower ur and 
nicotine, to improve the flavor, etc. Also, the recent 
increase in fat consumption in Japan may interact on 
the risk of ischemic heart disease when exposed to 
passive smoking. 


Takeshi Hirayama 
Institute of Preventive Medicine 
Tokyojapan 


smoking wives. 

In 1980-198if r.rs of ischemic heart disease in 
nonsmoking^wives were 1.00, 1.29, and 1.87 (trend 
p : OMi) when husbands were nonsmokers, 
exsmovers/!0-19 daily, and 20+ daily respectively. 
On6may further consider as the possible reasons for 
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REBUTTAL TO LEE/KAT2ENSTEIN COMMENTARY 
ON PASSIVE SMOKING RISK 


Dear Editor 

Lee (1989) and Kauenstein (1989), in their com¬ 
mentary on Wells’(1988) paper, take issue not only 
with Wells’ estimates of the magnitude of the mortal¬ 
ity effect of passive smoking on nonsmokers, but 
question whether mortality occurs at all. Their argu¬ 
ments are based upon the alleged fragility of the 
epidemiological studies of passive smoking and dis¬ 
ease; the potential for misclassification of subjects, 
disease, or exposure; possible confounding factors; 
and the lower dose* of smoke to which nonsmokers 
are exposed relative to smokera. 

Let us examine these issues one by one. Axe non- 
smokers exposed to such low doses of environmental 
tobacco smoke (ETS) that Wells’ estimates of 46 000 
nonsmokers’ deaths per year from passive smoking 
are about *46 000 too high - , as Lee asserts? Perhaps 
the most salient point to be considered: active smok¬ 
ing is a cause of more than one out of every six deaths 
in the U.S.A. every year (USSG 1989). Intentional 
exposure to tobacco smoke has been judged to cause 
coronary bean disease, atherosclerotic peripheral vas- 


1 L C y \S%~IS^ I VIO 

cular disease, lung and laryngeal cancer, oral cancer, 
esophageal cancer, chronic obstructive pulmonary 
disease, chronic bronchitis, intrauterine growth re¬ 
tardation, and low birthweight babies. In addition, 
probable causality has also been established for un¬ 
successful pregnancies, increased infant mortality, 
and peptic ulcer disease, as well as cancers of the 
bladder, pancreas, and kidney, and associations have 
been reported for cancer of the stomach (USSG 1989). 
Hardly an organ system of the human body remains 
undiseased upon exposure to tobacco smoke. To argue, 
as do Lee and Kauenstein, that the diseases of smok¬ 
ing axe not even plausible in nonsmokers does not 
give us confidence in their deductive abilities. To be 
sure, it is possible that thresholds for effect may exist 
for one or more of the diseases of smoking, but 
neither Lee nor Kauenstein present any evidence 
whatsoever that such low dose thresholds exist, let 
alone that all nonsmokers have exposures and sus¬ 
ceptibilities which place them within an adequate 
margin of safety below such thresholds. 

Are the epidemiological studies of passive smok¬ 
ing and lung cancer really all to be explained by 
misclassification of smokers as nonsmokers as Lee 
has proposed? Nonsmokers who report no passive 
smoking nevertheless possess levels of nicotine and 
cotinine in body fluids which are significant frac¬ 
tions of those who report a lot of exposure. For 
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example, of 100 nonsmokers studied by Jarvis (1987), 
the 46% who reported "no" exposure had measured 
urinary cotinine levels which were nearly a third of 
the levels of those 27% of nonsmokers who reported 
’‘some’* or "a lot" of passive smoking exposure. This 
suggests that there is major misclassification of non* 
smoking controls as "unexposed*. The result of this 
kind of misclassification of nonsmokers is to cause 
epidemiological studies to lack statistical signifi* 
cance or to find no effect. Nevertheless, despite such 
misclassification of controls, fully two-thirds of the 
studies shown by Katzenstein in his Table 1 showed 
a positive result. 

Are confounding factors such as higher exposure 
to carcinogenic organic chemicals from non-ETS sources 
in the spouses of smokers, as Katzenstein asserts, 
really responsible for the consistent reports linking 
lung cancer to passive smoking from 15 different 
researchers in six different countries? To the con¬ 
trary: Wallace (1989), in making measurements of 
personal exposure to benzene, a known human 
carcinogen and a prominent constituent of tobacco 
smoke, found that benzene exposures were 50% higher 
in the nonsmoking children and spouses of smokers 
than for nonsmokers in nonsmoking households. 

Finally, what of the magnitude of Wells’ (1988) 
estimates which Lee asserts are 46 000 too high? Let 
us take lung cancer, which Wells has estimated at 
3000 U.S. lung cancer deaths (LCDs) per year. Lee 
selectively contrasts the estimate of 12 LCDs/yr from 
passive smoking by Arundel et al. (1987), but omits 
the mention of eight other risk assessments with 
which Wells* assessment agrees, all eight of which 
taken together average 5000 ± 2400 LCDs/yr. 
(Repace and Lowrey 1990). It is Arundel et al. who 
are out of step with the rest, not Wells. This lends 
credence to Wells’ risk assessment methodology. 

As far as heart disease mortality is concerned, this 
is primarily a disease of those aged 2 35 years. In 
1985 there were roughly 105 million Americans in 
this age bracket, roughly 72 million nonsmokers, and 
33 million smokers. Among the 33 million smok¬ 
ers, there were 120 000 active smoking-attribut¬ 
able heart disease deaths (HDDs) in 1985, or 3.6 x 10* 3 
HDD/smoker. By comparison. Wells' estimates 32 000 
passive smoking-attributable nonsmokers* HDDs per 
year in a population of 72 million, or 4.4 x 10" 4 HDD/non¬ 
smoker; Thus, the ratio of ETS-induced heart disease 
deaths per nonsmoker to smoking-induced heart dis¬ 
ease deaths per smoker is only 12%* which does not 
seem excessive considering that tobacco smoke is 
known to be one of three major risk factors for HDD, 
and synergistic (USSG 1989) with the other two fac¬ 


tors (hypertension and elevated serum cholesterol) 
which are also common in nonsmokers. 

A final note on Katzensiein’s attack on the risks of 
passive smoking-induced lung cancer death (LCD) 
estimated by Repace and Lowrey (1985,1986^ 1987). 
The radical difference in lifestyle between never- 
smoking Seventh Day Adventist (SDA) controls and 
never-smoking non-SDAs is the avoidance of passive 
smoking in the SDA lifestyle, which we believe con¬ 
vincingly accounts for their lower lung cancer rate. 
As Katzenstein selectively notes, we were criticised 
by OTA (1985) and by tobacco industry consultants 
for attributing the entire LCD rate difference to pas¬ 
sive smoking, but what our critics have conveniently 
ignored is that, since 60% of the SDA control 
group were potentially exposed to passive smok¬ 
ing, this was in fact a conservative estimate. More¬ 
over, Katzenstein selectively omits mention of the 
analysis of our work by Weiss (1986), who found our 
figures to be "the best current estimates of lung can¬ 
cer deaths from passive smoking". 

In sum, contrary to the assertions of Lee and 
Katzenstein, we find Wells' predictions of 46 000 
deaths per year from passive smoking to be credible, 
and to indicate, as Wells concluded, that exposure to 
ETS can have adverse long-term health effects that 
are more serious than previously thought. 

James L. Repace 
Office of Air & Radiation 
UlS. Environmental Protection Agency* 
Washington, DC 20460 
and 

Alfred H. Lowrey 
Laboratory for the Structure of Matter 
Naval Research Laboratory* 
Washington. DC 20375 


•The comments of the authors represent their opin¬ 
ions, and do not necessarily represent the policies of 
their respective federal agencies. 
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AN ESTIMATE OF ADULT MORTALITY IN THE 
UNITED STATES FROM PASSIVE SMOKING; 
A RESPONSE 


Dear Editor: 

An article in Inside EPA (January 13, 1989) is 
headlined: *EPA weighs Impact of Study Linking 
Passive Smoke Exposure to Heart Deaths. .." It leads 
with the statement: "EPA is giving serious attention 
to a recently published study that pinpoints passive 
smoking ... as a significant cause,of heart disease 
and cancer-related deaths". The article states: "Pas¬ 
sive smoking causes 46 000 deaths a year^ according 
to a study by A. Judson Wells published la$t month 
in Environment International*. An EPA source is 
quoted: "The 46 000 mortality was surprising, be¬ 
cause such a large component was from heart disease 
. . ." This statement is similar to one made by EPA*$ 
James Repace on national television when the report 
was first released. 

What is surprising is that anyone from the EPA can 
consider this recent review surprising. Dr. Wells has 
not completed an epidemiological study, new or oth¬ 
erwise, and has in no way contributed to pinpointing 
passive smoking as a significant cause of heart dis¬ 
ease, lung cancer, or other cancer deaths. Wharhe did 
was publish the results of a series of calculations 
based on the results of existing epidemiological stud¬ 
ies and a number of assumptions (Wells/1988). Dr. 
Wells presented a similar analysis at t>le 1986 Air 
Pollution Control Association meeting, which was 
published in the meeting proceedings iWells 1986). 
There should have been no sudden surprise at EPA; 
an EPAofficial chaired the 1986 session in which this 
paper was presented. Dr. Wells encourages the view 
that he had done something new by failing to even 
acknowledge his previous presentation. 

Wells used the data of previously published (and 
in some cases, unpublished) studies as a basis for 
calculating annual mortality statistically associated 


with ETS exposure. These calculations do not in any 
way establish that ETS does, in fact, cause death in 
exposed individuals. Rather, such calculations rely 
on an independent conclusion, based on a review of 
the available data, that ETS causes lung cancer, other 
cancers, and cardiovascular diseases. If such a con¬ 
clusion cannot be supported, then the estimate of 
ETS-associated mortality rests on the assumption 
that ETS causes these diseases, and it is incumbent 
upon the author to state this underlying assumption 
when reporting the results of his calculations. 

The issue of causation is never addressed by Wells. 
The studies cited in Wells’ Tables 1-4 are discussed 
below with particular attention to whether they es¬ 
tablish a causal relationship between ETS and dis¬ 
ease in non- or never-smokers. The vast majority of 
the studies were included in reviews pubiishedby the 
National Academy of Sciences (NAS 1986) and the 
Surgeon Genera! (USSG 1986). Therefore, these re¬ 
ports are used as a starting point for addressing the 
\ 4 ucst * on of causality. 

X Lung Cancer: Almost all of the epidemiological 
7 studies listed in Wells’ Tables 1 and 2 were consid¬ 
ered in the NAS and Surgeon General's reports, as 
wellas other reviews appearing at about the same 
time (Biol and Fraumeni 1986; Oberla 1987). The 
Surgeon\Generars Report was alone in concluding 
that ETS causes lung cancer in nonsmokers; the other 
reviews generally concluded that although a statisti¬ 
cal association appeared to exist between marriage 
to a smoker and the risk of lung cancer, the lack of 
adequate exposure information, and the potential in¬ 
fluence of differ^iial misclassification of smoking 
status precluded a\onclu$ion of causality. The lung 
cancer studies published since these reviews have the 
same limitations as i^e previous studies. Little has 
been published since i986 that adequately addresses 
the issues of exposure aftd misclassification. 

All of the studies attempting to link cancer to ETS 
have been epidemiological: An epidemiology study 
attempts to relate the frequency of a certain health 
effect or disease with the frequency of specific envi- 
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AN ESTIMATE OF ADULT MORTALITY IN THE 
UNITED STATES FROM PASSIVE SMOKING; 
A RESPONSE 


Dear Editor: 

An article in Inside EPA (January 13, 1989) is 
headlined: "EPA weighs Impact of Study Linking 
Passive Smoke Exposure to Heart Deaths It leads 
with the statement: "EPA is giving serious attention 
to a recently published study that pinpoints passive 
smoking . . . as a significant cause of heart disease 
and cancer-related deaths". The article states: "Pas¬ 
sive smoking causes 46 000 deaths a year, according 
to a study by A. Judson Wells published last month 
in Environment International . An EPA source is 
quoted: "The 46 000 mortality was surprising be¬ 
cause such a large component was from heart disease 
. ..." This statement is similar to one made by EPA’s 
James Repace on national television when the report 
was first released. 

What is surprising is that anyone from the EPA can 
consider this recent review surprising. Dr. Wells has 
not completed an epidemiological study, new or oth¬ 
erwise, and has in no way contributed to pinpointing 
passive smoking as a significant cause of heart dis¬ 
ease, lung cancer, or other cancer deaths. What he did 
was publish the results of a series of calculations 
based on the results of existing epidemiological stud¬ 
ies and a number of assumptions (Wells 1988). Dr. 
Wells presented a similar analysis at the 1986 Air 
Pollution Control Association meeting, which was 
published in the meeting proceedings (Wells 1986). 
There should have been no sudden surprise at EPA; 
an EPA official chaired the 1986 session in which this 
paper was presented. Dr. Wells encourages the view 
that he had done something new by failing to even 
acknowledge his previous presentation. 

Wells used the data of previously published (and 
in some cases, unpublished) studies as a basis for 
calculating annual mortality statistically associated 


with ETS exposure. These calculations do not in any 
way establish that ETS does, in fact, cause death in 
exposed individuals. Rather, such calculations rely 
on an independent conclusion, based on a review of 
the available data, that ETS causes lung cancer, other 
cancers, and cardiovascular diseases. If such'a con¬ 
clusion cannot be supported, then the estimate of 
ETS-associated mortality rests on the assumption 
that ETS causes these diseases, and it is incumbent 
upon the author to state this underlying assumption 
when reporting the results of his calculations. 

The issue of causation is never addressed by Wells. 
The studies cited in Wells’ Tables 1-4 arc discussed 
below with particular attention to whether they es¬ 
tablish a causal relationship between ETS and dis¬ 
ease in non- or never-smokers. The vast majority of 
the studies were included in reviews published by the 
National Academy of Sciences (NAS 1986) and the 
Surgeon General (USSG 1986). Therefore, these re¬ 
ports are used as a starting point for addressing the 
question of causality. 

Lung Cancer: Almost all of the epidemiological 
studies listed in Wells’ Tables 1 and 2 were consid¬ 
ered in the NAS and Surgeon General’s reports, as 
well as other reviews appearing at about the same 
time (Blot and Fraumeni 1986; Oberia 1987). The 
Surgeon General’s Report was alone in concluding 
that ETS causes lung cancer in nonsmokers; the other 
reviews generally concluded that although a statisti¬ 
cal association appeared to exist between marriage 
to a smoker and the risk of lung cancer, the lack of 
adequate exposure information, and the potential in¬ 
fluence of differential m ^classification of smoking 
sutus precluded a conclusion of causality. The lung 
cancer studies published since these reviews have the 
same limitations as the previous studies. Little has 
been published since 1986 that adequately addresses 
the issues of exposure and m ^classification. 

All of the studies attempting to link cancer to ETS 
have been epidemiological. An epidemiology study 
attempts to relate the frequency of a certain health 
effect or disease with the frequency of specific envi- 
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ronmental exposures within a study group. Because 
of the nature of this type of study, all it can conclude 
is that the exposure and health effect do occur to¬ 
gether with a measurable frequency. They do not 
prove a cause and effect relationship. 

Koo et ai. (1988) performed a detailed investiga¬ 
tion of potential confounding factors in the lifestyle 
of nonsmoking women married to either a nonsmok¬ 
ing spouse or a smoking spouse. Overall, women 
married to ever smokers had a less healthy lifestyle, 
ate less vitamin A vegetables, ate more cured foods, 
ate more spicy foods, and drank more alcohol than 
women married to nonsmokers. Their analyses show 
that caution should be exercised when interpreting 
data on ETS without considering other factors. 

Feinstein (1988) described some of the problems 
or failings that have come to characterize many epi¬ 
demiological studies. Several examples are given where 
commonly used substances were accused of being a 
menace to daily life after epidemiologists reported a 
relatively weak association between use of the sub¬ 
stance and adverse health effects. Some of these 
accusations have subsequently been refuted or with¬ 
drawn. Feinstein states that "[djespite peer-review 
approval, the current methods need substantial im¬ 
provement to produce trustworthy scientific evidence". 

Other Cancers: With the exception of the Reyn¬ 
olds et al. study (which is unpublished and, therefore, 
inappropriately included in the analysis), all of the 
studies cited in Wells* Table 3 were included in the 
NAS and Surgeon General's reports. The NAS con¬ 
cludes that there is no consistent evidence, based on 
these studies, of any increased risk of ETS exposure 
for "cancers other than lung cancer". The Surgeon 
General’s report similarly suggests that further in¬ 
vestigation will be needed before any conclusion can 
be made. 

Cardiovascular Disease: Weils suggests that a con¬ 
siderable body of new epidemiological data on ETS 
and cardiovascular disease has become available, 
which significantly impacts the analysis of data for 
this disease endpoint. This assertion is emphasized 
in the Inside EPA report. In fact, with the exception 
of Heising et al. (1988), all of these data were avail¬ 
able to the NAS and Surgeon General's review pan¬ 
els. The study of Martin et ai. was available at the 
time but was unpublished, and for good reason, it 
thus was not cited in these reviews. The study re¬ 
mains unpublished, and the data should not be in¬ 
cluded in the present analysis. 

Both the Surgeon General's and the NAS reports 
find the data on ETS and cardiovascular disease, 
available at the time of their reviews, to be inconclu¬ 


sive. The inconclusiveness of the studies reflects not 
only small sample sizes but also a number of signif¬ 
icant deficiencies in their design, as detailed in both 
the NAS and Surgeon General's reports. The ques¬ 
tionable mathematical combination of the findings of 
these studies, as done by Wells, overcomes the prob¬ 
lem of small sample size but in no way addresses the 
methodologic issues that have been raised. 

The prospective study of Heising et al. (1988) 
reports a statistically significant increased risk of 
death from cardiovascular disease in nonsmokers ex¬ 
posed to tobacco smoke in the home compared to 
those not so exposed. The authors of the study con¬ 
clude that "[ii]t seems reasonable to suppose that 
tobacco smoke is a risk factor in the increased risk". 
That rather weak conclusion reflects, in part, some 
aspects of the Heising study that are inconsistent 
with such a conclusion. For example, the relative risk 
(RR) of death from heart disease associated' with 
household exposure to ETS is reported as highest in 
the youngest age group studied (25-44 years old), 
even though the individuals in the older age groups 
presumably were exposed to ETS for much longer 
periods. Given the same estimate of household expo¬ 
sure, individuals in the older age groups would be 
expected to have had a higher risk of cardiovascular 
death than those in the younger group. 

Both the Surgeon General's and NAS reports are 
cautious in their discussions of the quantitative risk 
associated with ETS exposure. Appendix D of the 
NAS report, which Wells cites in support of his risk 
models, emphasizes the underlying assumptions on 
which the calculations for lung cancer are based. The 
results arc summarized in a section entitled, "Sum¬ 
mary of Main Results Under the Assumption That the 
Summary Rate Ratio of 1.3 is Causal". The Surgeon 
General's report states (p. 96): "The quantification 
of the risk associated with involuntary smoking for 
the U.S. population is dependent on a number of 
factors for which only a limited amount of data are 
currently available". These factors include a better 
understanding of the magnitude of ETS exposure, its 
distribution among different segments of the U.S. 
population, and changes in the patterns of ETS expo¬ 
sure that have occurred over the last century. There 
is no better understanding of these factors now than 
there was in 1986. Wells bases his exposure estimates 
on data published by Friedman et al. (1983) — data 
that apparently were considered to be insufficient by 
the authors of the Surgeon General’s report. 

As Wells depended to a large extent on the Heising 
(1988) report, it is important to review carefully the 
methodology used in that report. A general census 
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was taken in Washington County, MD, in 1963 that 
included, among other factors, smoking histories of 
families and number of rooms in the house. Twelve 
years later, Helsing and colleagues reviewed death 
certificates to determine cause of death over the 
12 years. They noted those deaths that were coded as 
arteriosclerotic heart disease and other myocardial 
degeneration. They then calculated a relative risk of 
death due to arteriosclerotic heart disease of non- 
smokers married to smokers versus nonsmokers mar¬ 
ried to nonsmokers. The relative risks were 1.31 for 
men and 1.24 for women after adjusting for age, 
marital status, years of schooling, and quality of 
housing. 

It is very important to note that the authors re¬ 
ported that there was a small difference in RR if heart 
disease was listed as the underlying cause of the 
death or just listed on the certificate as one of several 
reasons for death. The actual cause of death as listed 
on death certificates could in itself be a confounding 
factor in this study. In addition, overall relative risks 
were adjusted for age, marital status, etc. There is no 
description of how the quality of housing is calcu¬ 
lated or adjusted for, nor is there any attempt to look 
at other possibly related health factors in the sub- 
populations to determine if these factors could have 
influenced arteriosclerotic heart disease. In addition, 
no attempt was made to measure smoking status mis- 
classification. 

Wells concludes his report by suggesting that ex¬ 
posure to ETS actually may cause more than 46 000 
additional deaths per year. He quotes Repace and 
Lowrey (1985) and their estimate of 4665 additional 
lung cancer deaths as support for that suggestion. The 
Repace and Lowrey estimate scares a lot of people 
who have not taken the opportunity to review their 
underlying assumptions. What is overlooked in the 
emotionalism is what the Repace and Lowrey report 
really says. 

Repace and LowTty start with the assumption that 
direct smoking and ETS both cause cancer. They do 
nothing to prove this. They then use a long series of 
estimates of exposure concentrations and exposure 
durations to compare ETS exposure to direct smok¬ 
ing. Finally, they calculate the death rate from lung 
cancer using these assumptions and estimates. What 
they generate is a calculated guess, not a prediction 
based on facts. 

Most of the research done since the Repace and 
Lowrey study has not supported its findings. One of 
the better studies has calculated that a person ex¬ 
posed to ETS actually retains 0.02 percent (or 1/5000) 


of the particulates of a direct smoker (Arundel et ah 
1988); 

Repace and Lowrey calculate a nonsmoker to be 
exposed to an average of 1.43 mg/day of particulates 
from ETS. Arundel et al. calculated the amount to be 
0.07 mg/day for male nonsmokers and 0.03 mg/day 
for female nonsmokers. These two estimates of ETS 
exposure differ by a factor of between 20 and 45. 
Thus, estimates based on exposure assumptions and 
models are simply estimates. One needs only to change 
a few of the basic premises to arrive at a completely 
different set of conclusions. Wells’ reliance on as¬ 
sumptions derived from the exposure assumptions of 
Repace and Lowrey leave his own conclusions highly 
questionable* 

It is apparent from this brief overview that Wells’ 
computations rely on risk ratios derived from epide¬ 
miological studies that do not establish a causal link 
between ETS exposure and the risk of disease. What 
part, if any, of the association between marriage to a 
smoker and lung cancer or cardiovascular disease is 
due to ETS is a matter of debate. Resolution of that 
debate depends on further research to address the 
exposure and misclassification issues. Pending reso¬ 
lution of these questions. Wells is obligated to state 
and fully discuss the assumptions that underlie his 
calculations. 


Larry C. Holcomb, Ph.D. 
Holcomb Environmental Services 
Olivet, MI 49076 


REFERENCES 

Arundel, A.; Sterling, T.; Weinkam, J. Exposure and ritkbaied 
estimates of never smoking lung cancer deaths in the U.S. in 
1980 from exposure to ETS. In: Indoor and Ambient air 
quality. London: Selper Ltd.,1988: 242-251. 

Blot, W. J.; Fraumeni, J. F. Passive smoking and lung cancer. J. 
Nat. Cancer Inst. 77:993-1000; 1986. 

Feinstein, A. R. Scientific standards in epidemiologic studies of 
the menace of daily life. Science 242:1257-1263; 1988. 

Friedman, O. D.; Petilli, D. B.; Bawol, R. D. Prevalence and 
correlates of passive smoking. Amer. J. Pnbl. Health 73:401- 
405; 1983. 

Helsing, K. Jl; Ssndler, D. P.; Comstock, G. W.; Chee, E. Heart 
disease mortality in nonsmokers living with smokers. Amer. 
J. Epid. 125:915-922; 1988. 

Koo, L. C.; Ho. J. H.; Rylander, R- Life-history correlates of 
environmental tobacco smoke: a study on nonsmoking Hong 
Kong Chinese wives with smoking versus nonsmoking hus¬ 
bands. Soc. Sci. Med, 7:251-260; 1918. 

NRC (National Research Council). Environmental tobacco 
smoke, measuring exposures and tssessing health effects. 
Washington, D C.: National Academy Press; 1986. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


2023511898 



Letteri to the editor 


187 


Repice, J. L; Lowrey, A. H. A quimiuiive of nonsmoken' 

lung cincerruk from paiiive nnoking. Environ. Int. 11:3-22; 1985. 

USSG (U. S. Surgeon General). The health comequencej of invol¬ 
untary imoking. Rockville, MD: U. S. Departmem of Health 
and Human Services; 1986. 

Obcria, 1C Lung cancer from passive imoking; hypothesis or con¬ 
vincing evidence? Int. Arch. Occup* Environ. Health 59:421- 
437; 1987. 


Wells, A. J. Passive «mokin| mortality: a review and preliminary 
assessment. 79th Annual Meeting. Air PolluL Control Assoc., 
Minneapolis, MN; 1986. Pittsburgh, PA: Air Pollut. Control 
Association; 1986. 

Wells, A. J. An estimate of adult mortality in the United States 
from passive smoking. Environ* Int. 14:249-265; 1988. 


AN ESTIMATE OF ADULT MORTALITY IN THE 
UNITED STATES FROM PASSIVE SMOKING; 
A RESPONSE TO CRITICISM 


Dear Editor: \ 

Lee (1990), Katzeh^tein (1990), and Holcomb (1990) 
have commented negatively on my paper (Wells 1988a) 
in Environment Ini emotional* in which it was sug¬ 
gested that the U.S. death loll from passive smoking 
may be 46 000 per year. Spa^e does not allow me to 
deal with alii of the points raised, but the more impor¬ 
tant ones are covered below. \ 

Lee, as tobacco consultants usually do, attacks the 
underlying studies that I used, particularly the heart 
studies. I cannot speak for these authors. Dr. Hirayama 
has written a reply of his own. Dr. Sandld (private 
communication) has told me that they (Helsihi et al. 
1988) did look at family size and found no effeckThe 
Johns Hopkins School of Public Health (Helsin^et 
al. 1988) and the University of California, San Dicgd, 
(Garland et al. 1985) are respected schools of epide¬ 
miology, whose researchers presumably know how to 
adjust for confounding variables. They attempted, 
within the limits of the data available, to account for 
known heart risk factors as noted in my paper. What 
is striking about the heart data in my Table 4 (Wells 
1988a) is the consistency of the various results. It is 
interesting that Lee et al. (1986) made no attempt to 
adjust for any of the known heart risk factors except 
age. 

Publication bias in smoking studies is an issue 
often raised by tobacco industry consultants, but so 
far no one has found a live passive smoking case that 
is negative. 1 have dealt with that issue vis-i-vis 
passive smoking and male lung cancer in my com¬ 
ment (Wells 1988b) on Vandenbroucke (1988). There, 
it was pointed out that the only available unpublished 
data were on the high side of the most probable 
relative risk, not low or negative. In that letter, I 
asked investigators to send me any data on passive 
smoking that had not been published or that they had 


not been able to get published. So far I have received 
none. As Lee says, the possibility of a large, 
unpublished data set that found nothing cannot be 
excluded; it is just extremely unlikely. 

For cancers other than lung that are passive smok¬ 
ing related, all except nasal sinus cancer and lung 
cancer are non-contact sites, as is heart disease. For 
these sites to be activated, the disease-producing 
entities must, in most cases, be metabolized and then 
circulate in the blood and lymphatic systems. Earlier 
work (Eatough et al. 1986) has shown that 90% of the 
nicotine in environmental tobacco smoke (ETS) is in 
the vapor phase* Now Pritchard et al. (1988) have 
shown that 70% of the tar in ETS is also in the vapor 
phase. The nicotine and the tar in direct smoking is 
in the particulate phase. It is true, as Lee says, that 
smokers are also passive smokers, but for the non- 
contact sites there is growing evidence that smokers 
have a higher risk if they axe exposed to ETS other 
than their own than if they are not so exposed. For 
example, Palmer et al. (1988) found a relative risk 
for heart disease of 1.34 for spouse exposure of light 
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AN ; ESTIMATE OF ADULT MORTALITY IN THE 
UNITED STATES FROM PASSIVE SMOKING; 

A RESPONSE TO CRITICISM 


Dear Editor: 

Lee (1990), Kauensiein (1990), and Holcomb (1990) 
have commented negatively on my paper (Wells 1988a) 
in Environment International , in which it was sug¬ 
gested that the U.S. death toll from passive smoking 
may be 46 000 per year. Space does not allow me to 
deal with all of the points raised, but the more impor¬ 
tant ones are covered below. 

} Lee, as tobacco consultants usually do, attacks the 

underlying studies that I used, particularly the heart 
studies. I cannot speak for these authors. Dr. Hirayama 
has written a reply of his own. Dr. Sandler (private 
communication) has told me that they (Helsing et al. 
1988) did look at family size and found no effect. The 
Johns Hopkins School of Public Health (Helsing et 
alL 1988) and the University of California, San Diego 
(Garland et al. 1985) are respected schools of epide¬ 
miology, whose researchers presumably know how to 
adjust for confounding variables. They attempted, 
within the limits of the data available, to account for 
known heart risk factors as noted in my paper. What 
is striking about the heart data in my Table 4 (Wells 
1988a) is the consistency of the various results. It is 
interesting that Lee et al. (1986) made no attempt to 
adjust for any of the known heart risk factors except 
age. 

Publication bias in smoking studies it an issue 
often raised by tobacco industiy consultants, but *0 
far no one has found a live passive smoking case that 
is negative. I have dealt with that issue vis-k-vis 
passive smoking and male lung cancer in my com¬ 
ment (Wells 1988b) on Vandenbroucke (1988). There, 
it was pointed out that the only available unpublished 
data were on the high aide of the most probable 
relative risk, not low or negative. In that letter, I 
asked investigators to send me any data on passive 
smoking that had not been published or that they had 
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not been able to get published. So far I have received 
none. As Lee says, the possibility of a large, 
unpublished data set that found nothing cannot be 
excluded; it is just'extremely unlikely. 

For cancers other than lung that arc passive smok¬ 
ing related, all except nasal sinus cancer and lung 
cancer are non-contact sites, as is heart'disease. For 
these sites to be activated', the disease-producing 
entities must; in most cases, be metabolized and then 
circulate in the blood and lymphatic systems. Earlier 
work (Eatough et al. 1986) has shown that 90% of the 
nicotine in environmental tobacco smoke (ETS) is in 
the vapor phase. Now Pritchard et al. (1988) have 
shown that 70% of the tar in ETS is also in the vapor 
phase. The nicotine and the tar in direct smoking is 
in the particulate phase. It is true, as Lee.says, that 
smokers are also passive smokers, but for the non- 
contact sites there is growing evidence that smokers 
have a higher risk if they are exposed to ETS other 
than their own than if they are not so exposed. For 
example, Palmer et al. (1988) found a relative risk 
for heart disease of 1.34 for spouse exposure of light 
smoking women and 1.32 for heavy smoking women; 
and Sandler et al. (1985) found overall cancer risks 
increasing from unity to 2.4 as active smokers were 
exposed to an increasing number of household mem^ 
bers who .smoked. This means that smokers may also 
be at considerable risk from passive smoking of their 
own smoke. In other words, for the non-contact sites, 
the vapor phase tar and nicotine may be the primary 
culprits, with the paniculate phase having less effect. 
The particulate phase, at least most of it, is relatively 
quickly cleared. It probably contributes heavily to 
the contact aitei (central lung, mouth, esophagus, and 
stomach) but then may be eliminated in the feces. All 
this means that Lee’s model for passive smoking, 
which is based on direct smoking and paniculate 
phase deposition and retention, is likely to predict 
relative risks for passive smoking that are far too low 
for the non-contact sites and probably for peripheral' 
lung cancer as well. 
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There are other factors that make the prediction of 
passive smoking health effects by rationing down 
from the paniculate dose of direct smoking chancy. 
One factor is the possible protective effects in direct 
smoking. Smoking is known to depress estrogen lev¬ 
els which can protect against breast cancer. Such a 
protective effect is unlikely from passive smoking. 
Remmer (1987) postulates that direct smoking acti¬ 
vates protective enzymes. Lassila et al. (1988), in 
their interesting work with monozygotic twins, have 
shown that direct smoking results in higher levels of 
prostacyclin, a reactive vasodilator, which, they note, 
could compensate for the vasoconstrictive effects of 
cigarette smoking. The dose from passive smoking is 
probably too low to promote this protective effect. 
Sinzinger etal. (1982), later confirmed by Burghuber 
et al. (1986) and Davis et al. (1989), found that 
platelet sensitivity, a known risk factor for heart 
attacks, is depressed about 30% in passive smokers, 
almost to the level found in active smokers. There is 
no way that the relative retained paniculate dose 
could account for this phenomenon. 

Direct smoking and passive smoking are both com¬ 
plex phenomena, with both disease promoting and 
disease protective components that differ between 
direct and passive smoking, and where the balance 
between them differs among individuals. Lee deni¬ 
grates my suggestion that individual susceptibility 
could explain, in pan* the higher than expected ad- 
verse health effects of passive smoking. The science 
of identifying highly susceptible people ij progress¬ 
ing. See for example the work that Caparosa et al. 
(1989) are doing at the National Cancer Institute on 
"fast metabolizers" of potential carcinogenic materi¬ 
als. Jones (1986) has shown a substantial difference 
in sensitivity of different individuals to nicotine and 
its effect on pulse rate, Khoury et al. (1989) have 
developed equations for estimating the proportion of 
persons who are susceptible to a risk factor. They 
estimate that 13% of smokers are susceptible to lung 
cancer, w hereas only 0.9% of smokers arc susceptible 
to esophageal cancer. My calculations, using their for¬ 
mulae, indicate that only about 0.4% of nonsmokers 
are susceptible to death by lung cancer from passive 
smoking. 

Lee says that I am 'content to include all epidemi¬ 
ological studies* in my meta-analyses, regardless of 
quality. Actually, 1 discarded four lung cancer studies 
because they did not meet stated criteria. The admis¬ 
sion criteria are admittedly broad because 1 did not 
wish to be accused of biased selection. Originally, I 
had intended to use only statistically significant data, 
but the meta-analysis technique allowed the inclu¬ 


sion of smaller studies when properly weighted. A 
certain amount of scatter is to be expected and is 
observed in the reLative-usks from these smaller, low 
power studies. 

Lee (1990) arguei that the association between 
lung cancer and exposure to ETS arises predomi¬ 
nately because of bias caused by misciassifying smok¬ 
ers as nonsmokers. In his analysis he seems to have 
gone out of his way to stretch the data to fit his 
hypothesis. For example, he states that current typi¬ 
cal regular smokers are misclassified to the extent of 
about 4%. In his workup (Lee 1986, 1987), he has 
confused smokers who siy they art current non-users 
of tobacco with smokers who say they are never 
smokers. Yet the epidemiology of passive smoking 
deals almost exclusively with people who say that 
they are never smokers. Lee also averages male and 
female data in order to get higher misclassification 
factors. Normally in misclassification calculations, 
one uses sensitivity, which is defined as stated posi¬ 
tives divided by stated positives plus false negatives, 
or in other words, the penant.correctly classified as 
exposed, or in this case, the percent of ever smokers 
that are correctly classified as ever smokers. By bas¬ 
ing his calculations on the number misclassified rel¬ 
ative to never smokers instead of relative to ever 
smokers as he should have, be claims to be able 
to average male ariselassifieds (who are mostly 
exsmokers) as 18% of self-reported never smokers 
with female misclassifieds as 6% of never smokers 
to yield a 10% misclassification factor. The misclas- 
sified males as 18% of never smokers are equivalent 
to only 6% of ever smokers (18% x 25/75) which is 
essentially the same as the female result (6% x 50/50). 
Of course the safe thing to do when estimating the 
bias in female passive smoking relative risks is to use 
only female data. In a paper in preparation for which 
I am a co-author, we found, when averaging data 
from five cotinine studies, including Lee's, that only 
1% of female ever smokers said they were never 
smokers when they were actually current regular 
smokers, not 4% as Lee contends. Lee uses 10 as the 
observed relative risk for the regular current smokers 
that are misclassified as never smokers. The proper 
procedure is to use smoker relative riaks that are 
consistent with the time frame and locale of the 
epidemiological studies for which a bias calculation 
is being made. Fortunately many of the passi ve smok¬ 
ing epidemiological studies on lung cancer have con¬ 
current estimates of the relative risk of current or 
ever smokers, and values for the other studies can be 
estimated from available data. In fact, many of these 
values are shown on page 72 of Lee's book (1988). A 
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log weighted average of the current smoker relative 
risk for the studies shown in Table 1 of my paper 
(Wells 1988a) is 4.56 (it was assumed that current 
smoker relative risk was 30% higher than ever 
smoker relative risk if those were the only data avail¬ 
able)^ which is less than half the value of 10 used by 
Lee. Lee's book (1988) has whole sections devoted 
io nusclassification factors for people who say they 
are recent exsmokers. These data appear to be intro¬ 
duced simply to confuse the reader since they have 
no bearing on passive smoking epidemiology which 
.deals essentially entirely in self-reported never smok¬ 
ers. If proper factors are used for the extent of smoker 
misciassification and smoker relative risk, the bias 
that one calculates agrees with the values previously 
estimated by Wells (1986a, 1988a) and Wald et al. 
(1986), and not with those of Lee. 

Lee suggests that my estimate of passive smoking 
deaths may be high. My bean relative risk of 1.23 is 
supported by two new studies and an update on a 
third. Palmer et al. (1988) report a female heart rel¬ 
ative risk for passive smoking of 1.2, and Humble et 
*1. (1990) report 1.6. Hole et al. (1989), in an update 
on the study of Gillis et al. (1984), report a female 
heart relative risk of 2.1 for low exposure passive 
smokers and 4.1 for high exposure. Sandler et al. 
(1989) found no increase in risk for total cancer in 
women, but Miller (1989) in his new study found that 
non-smoking, non-employed wives of nonsmokers 
accounted for only 3% of cancer deaths but a much 
higher percentage of total deaths. These two new 
results will offset each other. Sandler et al. (1989) 
also show a statistically significant female all cause 
relative risk of 1.15 for passive smoking, essentially 
identicals the 1.165 value I had derived in Appendix 
B (Wells 1988a) from earlier data. This tends to 
validate my estimate of 34 000 female all cause deaths 
from passive smoking. Sandler et al. (1989) also 
report a statistically significant all cause relative risk 
for men of 1.17 (.the fust such data available) that 
would result in 29 000 deaths per year for a total for 
both sexes of 63 000, higher than, but not too far 
distant from the 46 000 deaths that 1 estimated from 
the three-disease approach, 

In our Western, non-tmditional societies, it is very 
difficult to carry out these low-risk epidemiological 
studies because of the difficulty of finding a truly 
nonexposed reference category. Cummings etai. (1990) 
point out that 91% of the nonsmokers they inter¬ 
viewed had measurable cotinine in their urine while 
only 76% reported they had been exposed to tobacco 
smoke in the previous four days. Eighty-four percent 
of those not living with a smoker had measurable 


cotinine. If these people are getting nicotine, known 
to be in the vapor phase of ETS, they must also be 
getting tar, now known also to be in the ETS vapor 
phase (Pritchard 1988). Miller (1989) has probably 
done the best job of ferreting out a nonexposed ref¬ 
erence group with the result that he is finding very 
high relative risks for total cancer from passive smok¬ 
ing. 

As Goldstein (1986) has said, “Chemicals shown 
to be carcinogenic are considered by regulators as 
'guilty until'proven innocent* of having no threshold. 
This conservative approach essentially puts the bur¬ 
den on the producer or user of providing the scien¬ 
tific evidence justifying a threshold regulating a 
carcinogen." The purpose of my paper was to pro¬ 
vide regulators with an estimate of the most probable 
death toll from passive smoking given the existing 
epidemiological evidence, and also data from which 
to calculate an upper bound estimate, as they usually 
wish to do. Nothing in Lee's comments, with his 
botched bias analysis and his flimsy dose model, 
does anything to “justify a threshold" for this known 
human carcinogen. 

Kauenstein (1990) also appears to be very selec¬ 
tive in the data that he reports in Table 1 of his letter 
and he does not appear to have done his homework 
in finding all the reports on passive smoking and lung 
cancer that have issued since the 1986 reports of the 
National Academy of Sciences (NRC 1986) and the 
Surgeon General (USSG 1986). Commenting first on 
the reports that he lists, Chan and Fung (1982) is 
simply a restatement of the more deuilbd data in 
Chan et al. (1979). I had rejected Chan et al. 
(1979) and Lalageret al. (1986) for reasons stated 
in my paper. Daliger's crude relative risk of 1.00 that 
Kauenstein reports is for both sexes. The only 
female all exposure relative risk in that paper is 
1.96 for spouse exposure, not statistically signifi¬ 
cant. However among older women, 63 plus years of 
age, with high intensity exposure, the odds ratio was 
5.14 with 95% confidence limits of 1.4 to 18.95. A 
dose response trend was also observed. Kabai et al. 
(1984) found a statistically significant odds ratio of 
3.3 for male exposure at work and also found a sta¬ 
tistically significant Mantel test for linear trend in 
the frequency of exposure (four levels) for males 
(p < 0.005). Garfinkel et al. (1985) had a statistically 
significant odds ratio of 2.0 at the highest exposure. 
The results that Katxenstein quotes from Gao et al. 
(1987) are for never smoking women who ever lived 
with a smoker. For spouse exposure they report a 
rising relative risk from 1.0 for less than twenty years 
exposure to a statistically significant 1.7 for forty, 
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plus years exposure. Shimizu et al. (1988), besides 
reporting the 1.1 nonsignificant risk for nonsmoking 
wives exposed to a husband’s smoke also report a 4.0 
significant risk for exposure to a mother’s smoking 
and 3.2 for exposure to the husband’s father’s smok¬ 
ing. The latter is not unusual since wives in Japan, 
after they leave their mother’s home, often live with 
the husband's family and the husband's father is often 
retired. Wu et aL (1985),Brownson etal. (1987), Hum¬ 
ble et al. (1987), and Lam et al. (1987) were covered 
in my paper (Wells 1988a). The male relative risk in 
Humble et al. (private communication) is a statisti¬ 
cally significant 4.2. New reports that Katzenstein 
evidently is not aware of are (1) the Hong Kong thesis 
of W. K. Lam (1985) with 60 female cases and a 
statistically significant relative risk of 2.01 and a risk 
for peripheral tumors of 2.64 (p < 0.05); (2) Geng et 
al. (1988) wiih 54 cases and a statistically significant 
odds ratio of 2.16 for all levels of exposure, and 2.76 
with 95% confidence limits of 1.85 to 4.10 for 
exposure to 20 plus cigarettes per day. They also 
report a relative risk from ETS for smoking wives 
of 1.88; (3)Inoue and Hirayama (1988) with 22 cases 
report a nonsignificant odds ratio of 2.25 for all 
exposure levels, but for exposure to 20 plus ciga¬ 
rettes a day the odds ratio is a statistically significant 
3.35 (they also report a statistically significant pos¬ 
itive trend); (4) Svensson (1988), in a thesis from 
Sweden, with 34 female nonsmoking lung cancer 
cases, found a relative risk of 1.2 for exposure at 
home or at work and a relative risk of 2.1 for expo¬ 
sure at home and at work. He also found a relative 
risk of 1.4 for exposure as a child or as an adult and 
1.9 for exposure both as a child and as an adult. None 
of Svensson's relative risks is statistically signifi¬ 
cant; and (5) Varela (1987) also in a thesis, this one 
from Yale University, reporu on 218 female cases 
and 221 male cases which included both never smok¬ 
ers and long-term exsmokers. He found no increase 
in risk for spouse exposure or workplace exposure 
but found a statistically significant relative risk of 
1.87 multiple exposures at home. 

Katzenstein*! attack on the underlying studies is a 
typical tobacco industry approach. As we know, all 
epidemiological studies are flawed to one extent or 
another. However the National Academy and the Sur¬ 
geon General, looking at the totality of the studies 
then available, concluded that passive smoking can 
cause lung cancer, and inclusion of the studies new 
since 1986 would not change that conclusion. 

Katzenstein is wrong when he says that the heart 
studies failed to consider cardiovascular risk factors. 
Garland et al. (1985) and Hclsing et al. (1988) ad¬ 


justed for several of them. The Svendsen study (1987)i 
considered ten of the most frequently studied heart 
risk factors, comparing 286 nonsmoking men married 
to smokers and 959 married to nonsmokers. The dif¬ 
ferences were small, and adjusting for them did not 
decrease the observed risk. Katzenstein quotes an 
American Cancer Society 1988 release saying that 
currently available evidence is not sufficient to con¬ 
clude that passive or involuntary smoking causes 
lung cancer in nonsmokers. He must have found this 
in the rare book store since neither the Delaware 
office nor the national office of the American Cancer 
Society could find this reference. On the contrary the 
ACS "Cancer Facts and Figures for 1989" states that 
involuntary smoking increased the risk of lung can¬ 
cer, and their "The Smoke Around You* pamphlet 
issued in 1987 quotes the 35% increase in lung cancer 
risk for passive smoking that is found in the National 
Academy report (MRC 1986). 

In Katzenstein's "final comment” where he quotes 
the NAS and USSG reports on passive smoking and 
heart disease, he fails to note that the best heart 
evidence is in papers issued since those reports came 
out. It is interesting that the newest reports (Palmer 
1989; Hole 1989; Humble 1990) all support a posi¬ 
tive relative risk. 

Holcomb (1990) states that I had encouraged the 
view that the results in Wells (1988a) were new. 
Actually that paper has a long history. The original 
version was presented at a seminar at the Harvard 
School of Public Health in December. 1984. An up¬ 
date was presented to the National Research Council 
in January, 1986. The version Holcomb refers to was 
presented at the June, 1986, meeting of the Air Pol¬ 
lution Control Association, and in September, 1986, 
before the Natural Resources, Agriculture Research 
and Environment Subcommittee of the Committee on 
Science and Technology of the U.S. House of Repre¬ 
sentatives. It is published in the proceedings of those 
meetings (Wells 1986b, 1987). After extensive revi¬ 
sion, a shortened version was presented at the 6th 
World Conference on Smoking and Health in Tokyo 
in November of 1987. A summary is published in the 
proceedings of that meeting (Wells 1988c). The first 
draft of the current version (Wells 1988a) contained 
a summary of this history, but the editors of Environ¬ 
ment International decided that since none of the 
earlier versions had been adequately peer reviewed^ 
reference to them could be omitted. It should be 
noted that the current paper profited by the many 
comments received over the years from many experu 
in the field who either commented gratuitously or 
whose advice was solicited. James Repace was sur- 
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prised in 1986 at the large number of heart deaths and 
is probably still surprised, as are many others, but 
that is the way the numbers come out. 

Holcomb states that I did not address the issue 
of causation. Perhaps this should have been done 
more explicitly in the paper. It was pointed out on 
the first page of the paper that the Surgeon 
General's report (USSG 1986) and the National 
Academy report (NRC 1986) both stated that pas¬ 
sive smoking can cause lung cancer. I thought that 
was adequate coverage for that issue. (Incidentally 
Holcomb states that "the Surgeon General's report 
was alone in concluding that ETS causes lung can¬ 
cer in nonsmokers," but on page 10 of the National 
Academy report it is stated, “Considering the evi¬ 
dence as a whole, exposure to ETS increases the 
incidence of lung cancer in nonsmokers.”) Then I 
went on to show that the heart data, including the 
new data, had most of the same characteristics as 
the lung cancer dati in terms of number of cases, 
statistical significance, dose response, and biolog¬ 
ical plausibility. Hence one could infer causation. 

Holcomb references a paper by Koo el al. (1988) 
that allegedly shows that nonsmoking women mar¬ 
ried to ever smokers had a less healthy life style 
than nonsmoking women married to nonsmokers. 
Careful analysis of their voluminous data indicates 
eight life style factors where the test p and the p 
for trend were both reasonably small. Five indi¬ 
cated a healthier life style for the women married 
to the never smokers and three for those married to 
the smokers. About all this paper shows is that 
nonsmoking women in Hong Kong who lived in 
rural areas are more likely to be married to non- 
smokers and to have a more rural life style. Humble 
et al. (1990), in their soon-to-be-publishcd paper 
on passive smoking among never smoking women 
in Georgia, found that higher social status white 
women bad a higher relative risk of heart disease 
from ETS than lower social status white women, 
quite the reverie from what Koo et al. concluded. 
Humble et al. also adjusted for age, diastolic blood 
pressure, total serum cholesterol, and body mass. 
The tobacco people have used misctassificatioa as 
their principal smoke screen to discredit lung can¬ 
cer risk from passive smoking. They know that 
misclassification can't possibly explain the heart 
effects of passive smoking so they have embraced 
"life style". This also is proving to be ephemeral. 

Holcomb complains that I included unpublished 
studies in the analysis, but Katzenstein complains 
that publication bias is likely to omit pertinent 
data. I chose to include all the data 1 knew about. 


favorable or unfavorable. Omission of the unpub- 
lishedstudies would not change the conclusions. 

Holcomb states that I based my exposure estimates 
on dau published by Freidman et all (1983). Actu¬ 
ally, the exposure of never smokers living with ever 
smokers was obtained from the exposure of controls 
reported in the various U.S. passive smoking studies. 
This represents the major factor in female exposure. 
Only the exposure of nonsmokers living with non- 
smokers was estimated using Friedman et al. 

There it no question that my conclusions on bean 
disease and cancers other than lung go further than 
the cautious statements in the Surgeon General and 
National Academy of Science reports. So far, how¬ 
ever, the new data support my position. Whether 
causation has been "proved" or not, public health 
officials need to know the mortality stakes involved. 
They can then make their own judgments as to the 
likelihood of causality. 

Holcomb has not read the paper of Repace and 
Lowrey (1985) carefully. Their estimate of 4665 lung 
cancer deaths from passive smoking is based on a 
comparison of lung cancer mortality rates of Seventh 
Day Adventists who never smoked with those of 
non-Seventh Day Adventists who never smoked, not 
on exposure estimates as Holcomb claims. My esti¬ 
mates in no way rely on the exposure estimates of 
Repace and Lowrey. There are some nine studies in 
the literature that estimate lung cancer deaths from 
passive smoking. Except for Arundel et al. (1987) 
estimate, they range from 600 to 5600. The Arundel 
estimate is based on extrapolation from smokers to 
nonsmokers of retained particulate dose, an idea dis¬ 
credited earlier in this letter. 

As Katzenstein tays, death from passive smoking 
is a serious issue, serious to the health of the tobacco 
industry, and serious to the public health. We can 
expect vigorous (but misleading) attacks from the 
tobacco side, as these three letters show, but it is still 
best to lean toward safety when the health of the 
public is at stake. 


A. Judson Wells 
41 Windermere Way 
Kennett Square, PA 
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Abstract 

Passive smoking is increasingly recognised as a public health 
hazard. Among New Zealanders who have never smoked, the 
prevalence of exposure to spousal smoking has been estimated 
to be 12.7% for men and 16.1% for women. The prevalence 
of exposure Co passive smoking in the workplace has been 
estimated to be 33.6% and 23.4% for never smoking men and 
women respectively. The pooled risk estimates from 
epidemiolbgicai studiee of the health effects of passive 
smoking were used to estimata the numbers of deaths from 
lung cancer and ischaemic heart disease attributable to paaaivs 
smoking in New Zealand in 1985. The pooled relative risk 
estimates for lung cancer mortality were 1.3 (95% confidence 
interval (Cl): 1.1*1.51 in both men and women exposed to 
paaaive smoking at home, and 2.2 (Cl 1.4*3.01 in both men and 
woman exposed to passive smoking at work. Using these 
relative risk estimates, it was calculated that 30 lung cancer 
deaths (range 11-41} were attributable to involuntary smoking 
in New Zealand in 1985. 

From pooled relative risk estimate* of ischaemic heart 
disease death of 1.3 (Cl 1.1-1.61 and 1.2 (Cl 1.1-1.41 for exposure 
to spousal smoking in men and women respectively, it was 
estimated that a further 91 ischaemic heart disease deaths 
(range: 39-177) were due to passive smoking at home. The 
number of ischaemic heart disease deaths due to pasaiva 
smoking in the workplace was even higher, at 152 (range: 
62-2241. assuming relative risks of 2.3 (Cl 1.4-3.4} and 1.9 (Cl 
1.4-2.5) for men and women respectively. 

The total number of deaths due to passive smoking from 
lung cancer and ischaemic heart disease was therefore 
estimated to be 273 par year (range: 112-442). 


vz u* ijmk tw was 

Introduction 

Recant reviews have concluded that exposure to passive 
smoking is harmful to health li-ej. The effect# of paaaive 
smoking on health have been reported to include acuta effect#, 
such as exacerbation of asthma and angina, as well as chronic 
effect# such as the increased risk of upper and lower airways 
infection in children and the increased risk of lung cancer in 
adults Hi 

The association of hing cancer with passive smoking appear 
to satisfy epidemiological Criteria of causality (6,*v To data 13 
studies have been completed in six countries. 10 of which have 
reported a positive association between Jung cancer and 
pasaiva smoking ft). Three studies have failed to show an 
association p-tt but in each study the precision of the effect 
estimates was such that an increased risk could not be ruled 
exit. Publication bias, is, bias which occurs when papers with 
nonsignificant results are either not submitted or accepted for 


publication, has been put forward as an explanation for the 
association between passive smoking and lung cancer |ioj. 
However, this claim has been criticised and discredited ui|. 
More recently, evidence has begun to accumulate which 
implicates passive smoking in the development of ischaemic 
heart disease u 2 iAU 

Passive smoking is therefore a potentially important public 
health problem in New Zetlhnd. and it is desirable to assess 
the magnitude of the problem. Taking the relative risk 
estimates reported in epidemiological studies and'applying 
them to estimates of the proportion of the New Zealand 
population exposed to passive smoking, we have made a 
preliminary estimate of the impact of pasaive smoking on the 
health of nonsmokers. 

We here report estimates of the numbers of deaths from lung 
cancer and ischaemic heart disease attributable to prolonged 
exposure to pasaive smoking in New Zealand m 1985: The 
evidence of excess deaths from other causes - is. cancers of 
sites other than the lungs, and chronic respiratory disease- 
due to passive smoking is more tenuous (7L Death from these 
causes has therefore not been considered here. 

Statistical mathoda 

The proportion of daath* from ■ particular dueiae attributable to a 
specific arpoaure is known as the population attributable rule (also 
referred to as tha aetiolbpc fraction). 

If p i* the proportion of the general population exposed to tha nak 
factor (in this case involuntary smoking) and Rft is the relative n*K 
of dying of the disease in exposed versus ooocxpossd individual*, then 
the population attributable risk i* given by (lit 

PAR - p<RB - 1) 
p<RR -114-1 

This measure baa bean used in many previous studies, including 
two studiee which estimated the p r o por t ion of deer ha in New Zealand 
attributable to active smoking 11 ai tj. as weii as in a Canadian study 
which estimated tha proportion of lung canoe deaths attributable to 
passive smoking (HJ 

In the currant study, the relative risk estimates from overseas 
studies were applied to New Zealand data oc peaav* smoking 
exposure, and the derived population attributable hake were thee 
applied to hang ranrer and ischaemic h ea rt . rH— eee deaths in 1965 
among persona who had never smoked fiat The population 
attributable naka and deaths attributable to passive smoking ts» 
estimated separately for men and women, and far exposure at horns 
and at work 

Estimation of exposure to peeatve smoking 
Fatima boa of exposure to pasaive smoking at boms: 

Estimates of the prevalence of exposure of never smokers to 
passive smoking at home were obtained from the Auckland 
heart study (Work in progress). The study found that 12.7% 
of never smoking men and 16.1% of never smokin g women 
aged 35-64 years in Auckland in 1987-88 were expoaad to 
paaaive smoking in their homes. These figures are not limited 
to exposure to spousal smoking, but include exposure to all 
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ocher sources of pusiv* smoking within the household. On 
the other hind these figures ire likely to underestimate ch# 
effect* of long term exposure to spousal smoking, since we 
have not txxen account of never smokers who have been 
previously exposed to passive smoking, but are currently 
widowed: separated, divorced, or living with examokefi 
Estimation of rxpoeur* to passive smoking lb the workpiece: 
The prevaience of exposure to passive smoking in the 
workplace was also obtained from the Auckland heart study. 
In this study. 33.6% and 23.4% of never smoking man and 
women, aged 35-64 years m Auckland in 1987*88. were exposed 
to passive smoking u wont A recant random taiephoD# survey 
of the Wellington region reported that the proportion of 
nonsmoken exposed to passive smoking m the workplace may 
be even higher, reaching up to 80% (19U However a significant 
proportion of the respondents reported that most of their 
exposure occurred during tea and lunch breaks. Therefore w* 
adopted the more conservative prevaience estimates. 

Estimation of relative risks asaociatad with axposura 
to passiva smoking 

Estimation of the relative nek of lung cancer doe to passive 
* mo king at home: The relative nsk of dying of lung cancers 
in never smokers exposed to spousal 1 smoking was obtained 
from the pooled results of 10 case control studies and two 
prospective studies (20|. The relative nsk of lung cancar 
mortality in women who baa never smoked end who were 
mimic to ever smokers, weighted by the Mental*Heeaixa4 
procedure, waa 1.3 (95% confidence interval! 1-1-1-51 (»t 
There have been few studies ci lung cancer among men who 
have never smoked. We have assumed, as others have done 
(SU that the relative nsk of lung cancer in never smoking mac 
mamed to ever smoking women is the same as for never 
smoking women mamed to ever smoking men (Table 1). 

Table t. — EetJ metes of relative n** of dee the from km? cancer end 
iecfteemic heart disease due to sewuve emoking (3B% confluence 
interveil __ 

Disease Relative r_ia from Relative nsk from 


expoeure *1 Some axpoeure at work 

Mec Women Mon Woman 


Ischaemic heart 

1.3 

(1.1*1.5) 

1.3 

•‘1.1*1.51 

2.2 

(1.4-3.0) 

2.2 

I1L4-3.0) 

disease 

1.3 

(1.1-1.6) 

1.2 

<1.1*1141 

2.3 

(1:4*341 

19 

(1.4-2.51 


Estimation of the relative rise of long cancer due to passive 
smoking in the workplace: The elevated lung cancar risk from 
pajsive smoking has been well established: but few studies 
have specifically examined nak* from workplace exposures. 
Thus instead of using direct a urn a tea. the relative nak for 
lung cancer death from exposure to pasaiv* smoking in the 
workplace was estimated via an expoeure response 
relationship derived by Rapace and Lowrey (f.21l They 
estimated that the degree of exposure to passive smoking at 
home, at work, and at both sites, corresponded to respective 
daily inhalation of 0.45. 1.82 and 2.27 mg of the particulate 
phase of ambient tobacco smoke m According to this mortal, 
expoeure to paaeiva smoking at work should result in a higher 
nsk for lung cancar than expoeure at home, Baaed as the 
relative nak aeumate of 1.3 for borne expoeure (Table 11 the 
relative nak of hug cancer in persona iTpnoarl to paaarve 
smoking in the workplace waa estimated to be 1 + 
♦0.3 x 1.82/0.45). yielding a relative risk unman of 2.2 {range: 
L4-3.0) (Table 1). Thia estimate ta consistent with tbe relative 
nak o 4 3.3 (96% eonfirtanca interval; 1.010.51 far owe coakei 
exposed eo passive smoking at work reported by Rabat and 
Wynder tat in one of tbe few atudiee that has dletingtumhad 
expoeure at wor k trom expoeure at homo. Htwe, we have 
adopted tbe more conservative eetimate of 2.2 (Table 1L 
EethmaOoe of the relative rwk a i iecheeak heart rfl i w death 
to pae^ve w woktog ix heez mc The eeomatee for the relative 
of isc heemr been disease death m never endear* opoed 
to spousal caokmc were obtained from Weils' pooled imO M 


of five cohort studies and two case control studies (at The 
pooled relative nak for man exposed to spousal 
weighted by the MantaLHeeasxsi procedure, waa 1J (CL 
X.1-1.61: and tbs c o r respon ding esumats for woman was L.2 

(CL l.M.4Il|23k 

EeCucaaiioa of tbe relative risk of ischaemic bean disease death 
due to pasaive smoking in the workpiece: There u at present 
scant data 00 the relative nsk of ischaemic haart 
due to passive smoking in the workplace. The study by 
Svendsen et ai (131 based on data from the MRFIT tnaL 
rrportsd that the relative nsk of coronary heart disease death 
in men exposed to coworkers smoke compared with men 
whose coworxcrs did not smoke, was 2.6 |i3t However, the 
nsk esumats was imprecise iCI: 0,5*12.7: p-0:23l. and in 
addition, the MRFIT tnoi involved mec who were at high nsk 
of coronary heart disease at entry, 

Nevertheiase. a higher value for the relative nsk of ischaemic 
heart disease deeth from exposure to passive smoking in the 
workplace compared to tbs home is consistent with Use greater 
prevalence and intensity of axpoaure obtained in tbs former 
setting |*l Using tbe seme assumptions as in our cakniation 
of the relative nsk of lung cancer from passive smoking in the 
workpiece, we eetimsted that the mauve nsk of ischasmic 
heart death from pasaive smoking in the workplace 

waa 2.3 irangw: 1.4*3.4) for man end 1.9 (range: 1.4-2^5) for 
woman, respectively (Table 1 )j 

Estimation of deaths due to passive smoking 
There art a considerable number of uncertainties in tbe 
estimation of deaths due to passive smoking m New Zealand! 
"These relate to uncertainties in the number of deaths in never 
smokers, the prevalence of expoeure to passive smoking, and 
the relative risks due to passive smoking. The main 
uncertainty stems from the relative risk estimates. 
Accordingly, to provide a range of plausible values for the 
population attributable risks, the 95% confidence interval for 
the reiauve nsk estimates (Table 1) have been used and tbe 
other estimates have been regarded as fixed. Ranges have also 
been provided for the estimates of the number of deaths m 
never smokers (Tables 2-5) in order to give an indication of 
their preojaoc. but those ranges have not been usadm further 
calculation*. 

Estimation of lung cancer deaths attributable to passive 
smoking at homo: In 1985 there were 1197 lung cancer deaths 
in New Zsaiknd {u|-866 in man and 331 in woman. It woe 
estimated from the cancer registry data that 8% of these 
death* occurred in never smokers (Z4i Therefore 69 male lung 
cancer death*, and 28 female lung cancer death* occurred in 
never smokers (Table 2). 


TaWe 2. — Estimated number of SeerOw from Hjrvg cancer rrmbutato*# 
to 0 — r -e expoeure to ipr* we* urvoer in Met* Zee tend in 1M. br* ee* 


Total no of hmg cancer deaths 
% of people who had never 
No of lung cancar deaths m 
woo had never Tmnksri 
Prwaieec* of niw smokers 
txpoeed to spousal smoking 
Raiaove nak o 4 King rancor f< 
expoeure u> spousal aanpoe 

(Cl) 

PAR spousal 
(range* 

N o ai hmg 
never smoker* att ributab l e to 


&W 

8% 


331 

8 % 


69 

28 

12.7% 

18.1% 

1.3 

1.3 

a.M.5) 

(1.1*1.51 

3.7% 

4.6% 

I1.W.0%| 

(1.5*7.5%I 

3 

1 

11-41 

(0*21 


PAR-popuiarioa asxribertehlS nsk 

Th» p op iil« t a n p aanteuhi* naka on to ba 3.7% 

UM.0%) (or atm. and 4.8% (ran** 1.6-7.5%» Ur 
»on>a«i ITaUa 3k Tha raabn of lun* cancar m togj 

am^tahi. to paa-T. 

r i! 1 ? * ** 1 “ hrr * 6—1 3 lr * n «* 1-4) for mao and l <rmn*« 

0-2) for *oa«. (mo* a tocai <rf 4 l^|. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Estimation of lung cancer death* attributable to passive 
smoking in the workplace; Assuming a relative nsk of 2.2. ths 
population attributable nsk for lung cancer deaths due to 
passive smoking in the workplace u 28.7% (range; 11.8-40.2%) 
for men. and 21 9% (range: 8.6-31.9%) for women (Table 3K 
The number of lung cancer deaths in never smokers 
attributable to pasetve smoking m the workplace is therefore 
estimated to have been 20 (range: 8-28) for men. and 6 (range 
2*7) for women, giving a total of 26 (range: 10-35) (Table 3). 

The total annual number of lung cancer deaths attributable 
to passive smoking is thus estimated to have been 30 (range: 
11*41). of which 87% it attributable to exposure in the 
workplace. 


Table 2 - Estimated number of deaths from King cancer attributable 
to petty imp king in the work place m May Zealand. 1WB. by sea 



Men 

Women 

No of lung cancer daaths in oarer 

smokers 

69 

26 

Prevalence of expoeure to passive 

smoking m never smokers who work 

33.6% 

23 4% 

Relative nsk of June cancer for 

exposure to passive smoking et work 

2.2 

2 2 

(Cli 

11 ♦•3.0) 

a. 4*3.0) 

PAR; work expoeure 

28.7% 

21 9% 

(range) 

(l l .8-40.2%) 

(8.6*31-9% ( 

No lung cancer deaths is never 
smokers attributable to paeaive 

smoking at work 

20 

6 

(range) 

(8*281 

(2-7) 


FAR - population ettnbu table nsk 

Deaths from ischaemic heart disease attributable to passive 
smoking at home: Data on the proportion of ischaemic heart 
disease deaths occurring in never smokers in New Zealand 
were not available. W# estimated this proportion by applying 
the relative risks of ischaemic heart disease death - obtained 
from the cohort study by Doll and Peco |25.M)-for each 
category of smoking (never smoked, exsmoker. smoking 
between 1-14. 15*24. and over 25 cigarettes per deyi to the 
proportions of New Zealanders aged over 25 years in each 
category, based on the 1981 census data |7U The proportions 
of never smokers among ischaemic heart deaths were then 
calculated as the percentage of all ischaemic heart disease 
deaths that would be expected to occur, based oo the e e relative 
nsks. It was thus estimated that 32.3% and 42.0% of 
ischaemic heart disease deaths occur in male and female never 
smokers, respectively. These figure# are in dose agreement 
with unpublished data from a coronary heart disease register 
in Auckland (Jackson R. work in progress). 

The population attributable risks for ischaemic heart dis ease 
deaths in persons exposed to spousal smoke were estimated 
to be 3.7% (range: 1.3*7.1%) in men. and 3.1% (1.6-6.1%) in 
women (Table 4). The number of ischaemic heart disease 
deaths attributable to passive smoking in the borne it 
estimated to have bate 51 (range: 18-97) in men. and 40 (range: 
21-80) in women, a total of 91 deaths (range: 39*177). 


Table 4 - lap mated number of dearths from iecheemlfc hoerr dies eee 
attributable to paee/vs expoeure to epouaai smoking In New Zeeland. 
1MB. be mi 


Men 

Women 

Total ao of deaths from (HD 

4234 

3104 

% of pso/e who bad never smoked 

32.3% 

42.0% 

No of who bed never smoked 

1348 

1305 

FrevxJ«o.^» of txpoeure to spousal 
smoke among teemed never smokers 

12.7% 

18.1% 

Relative nak of IHD for expoeure 
to spouaal smoke 

1.3 

1.2 

(Cl) 

a.M.6) 

a.M.4) 

PAR. spouaal smoke 

3.7% 

3.1% 

(range) 

(1.3-7.1%I 

(1.64.1%) 

No of IHD deaths in never smoker* 
attnbutable to spousal smokinf 

51 

40 

(range! 

(18-97) 

(21-80) 


FAR • population attributable nsk. IHD • ischaemic heart disease 


Deaths from ischaemic heart disease attributable to passive 
smoking is the workplace: Since the nsk of ischaemic heart 
disease from active smoking diminishes rapidly after cessation 
of smoking it was assumed that the nsk of ischaemic heart 
disease death from exposure to passive smoking in the 
workplace would similariy decline after withdrawal from the 
workforce. Furthermore, the estimates of workplace exposure 
used in this study (Tables 3 and 51 were based on data for 
Aucklanders aged 35-64 years. Thus, conservative estimates 
of ischaemic heart disease deaths due to exposure to passive 
smoking in the workplace were derived from the number of 
ischaemic heart disease deaths which occurred among those 
of working age. is. those aged under 65 years Ih this age group 
there were 1276 deaths m men and 366 in women m 1985 nsji 
(Table 5). 


Table ft - Estimated number of deaths from rscheem* been dise ase 
attributable to passive smoking in the workpiece m Mew Zealand 



Men 

Women 

Total number of ischaemic heart 
disease deaths in people aged 
<65 ytan 

1276 

366 

% of people who had never smoked 

32.3% 

42.0% 

Number of ischaemic heart disease 
deaths in never smokers aged 
< 65 year* 

412 

154 

Prevalence of expoeure to passive 
smoking id sever smoktrs who work 

33.6% 

23 4% 

Relative nsk of ischaemic heart 
disease from exposure to passive 
smoking in the workplace 

23 

1.9 

(CD 

(1.4*3:4): 

(1 4-2.5)' 

PAR. workplace txpoeure 

30 4% 

17 4% 

(range) 

(11.8*44-6%) 

(8.6*26 0%) 

No of ischaemic heart disease deatha 
is never smoktrs attnbu tab 14 to 
smoking in the workplace 

125 

27 

(range; 

(49*184) 

(13-40) 


PAR - population attributable nsk 

The population attributable risks for deaths from ischaemic 
heart disease due to passive smoking in the workplace, 
assuming relative nsks of 2.3 for men and 1.9 for women, were 
30 4% (range: 11.8-44.6%) in men; and 17.4% (range.- 8.6-26.0%) 
in women. These yielded estimates of 125 (range: 49*184) 
ischaemic heart disease deaths in men. and 27 (range: 13*40) 
deaths m women, a total of 152 deaths (range: 62-2241 (Table 51, 
Discussion 

The estimated total of 30 lung cancer death* attributable to 
passive smoking represents 2.5% of all lung cancer deatha in 
1985. and 31.6% of lung cancer deaths in those who had never 
smoked These results are similkr to previous estimstes for 
USA (•{ and Canada (St Repace and Lowrey estimated that 
passive smoking was responsible for 5% of the total annual 
Jung cancer deatha. and 30% of the lung cancer daaths in never 
smokers in the USA it). Wiglt and Collishaw estimated that 
in Canada passive smoking was responsible for 2.3% of the 
total annual lung cancer deaths, and 51% of lung cancer deaths 
in never smokers (ft).! 

It is estimated that 243 deaths from ischaemic heart disease 
occurred in 1985 due to passive smoking. This represents 3.3% 
of all ischaamic heart d is e as e deaths, and 9.1% of ischaamie 
heart disease daaths in never smokers. The total number of 
deaths in New Zealand in 1985 from lung caacsr and isrh swmir 
heart disease due to passive smoking was estimated to have 
been 273 (range: 112-442), of which 65.2% was attributable 
to exposure in the workplace (Table 6). 

As w« have stressed throughout, there are a number of 
uncertainties in these calculations, and the total of 273 deaths 
per year from lung cancer and ischaemic heart disease due to 
passive smoking should be regarded as only s preliminary 
estimate. Nevertheless it doe* indicate the likely magnitude 
of the mortality due to passive smoking in New Zealand. The 
findings of this study will need to be revised as more accurate 
data particularly on tha relative risks of diseases due to 
workplace expoeure to passive smoking, become available. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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However there are a number of reasons to suggest that the 
figures presented here are underestimates. Firstly, we have 
not considered the numbers of deaths attributable to passive 
smoking in two groups of nonsmokers: (l) never smokers who 
are not currently exposed to passive smoking at home land 
m the case of ischaemic heart diseasrcases. at work)* budrho 
have been exposed in the past, and (2} exsmokers currently 
exposed to passive smoking Secondly, we have not considered 
exposure to passive smoking in situations other than at boot 
or at work, nor the impact of passive exposure to pipe or cigar 
smoking Thirdly, we have not made adjustments to the 
relative risks for possible rrusclassification of exposures. In 
studies which have corrected for these biases [23.2*1. the net 
effect of the adjustment was to raise the relative risk 
estimates. Fourthly, wt have not attempted to estimate the 
numbers of deaths from cancers of sites other than the lungs. 
Based on three cohort and two case control studies. Wells 
estimated that the relative nsk of cancers other than the hugs 
in never smoking women ex p osed to passive smoking was 1.16 
<95** confidence limits: 1.06-1.27HMl. Excess cancers were 
observed for cancers of the breast, cervix, brain, paranasal 
sinuses and endocrine glands |23|. Although these studies 
have been criticised for their failure to control for risk factors 
known to be associated with cancers of these sites [2t it is 
nevertheless likely that at least some deaths from these cancer 
types are attributable to passive smoking. Finally, wt.havt 
not'attempted to estimate the numbers of pneumonia deaths 
attributable to passive smoking in childhood, nor the increased 
numbers of pennatal deaths associated with smoking during 
pregnancy 

Despiu the uncertainties in the estimates presented here, 
they nevertheless suggest that passive smoking is a major 
public health problem in New Zealand. Although a more 
precise estimate of the number of deaths due to passive 
smoking must twait further studies, there is s dear case for 
taking action on current evidence The protection of the bealth 
of nonsmokers, particularly in the workplace and in enclosed 
public places, must be given priority as an issue of 
environmental health protection. It is encouraging that the 
necessary regulatory actions art beginning to occur. 
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Congenital long QT syndrome in adults 

Ian G Crosier MD. FRACP. Cerdlbteglet; Annamarik toughnan BSc. Cardiac Technician. Leslie J Dow BSc. 
Cardiac Technician; Clive J S Low MB. ChB. Cardlologv Registrar: Hamid Ikram MO. FRCP. CerdioibgiBt. 
Department of Cardiol6gy. Rrinceee Margaret Hospital. Christchurch 


Abstract 

A family with the Romano-Ward syndrome is presented This 
family showed typical features of this syndrome with QT 
prolongation, torsades de points* ventricular tachycardia, 
sudden death and an autoaomai dominant inheritance pattern. 
The index case presented with an exacerbation of torsade* de 
points* ventricular tachycardia from diuretic induced 
hypokaJaemix and responded to diuretic withdrawal and beta 
blocker therapy. 

wt mw j itm iw 4W.I 

Introduction 

Abnormalities of ventricular repolarisation predispose the 
heart to ventricular arrhythmias, typically polymorphic 
ventricular tachycardia (torsades de pointesl Abnormal 1 
repolansation is typically represented on the surface 
electrocardiogram by QT interval prolongation. However T 


or U wave abnormalities may also reflect abnormal 1 
repolansation. Abnormal repolansation is usually acquired 
due to cardiec injury, metabolic derangement or drugs. Rarely, 
abnormal repolansation is congenital and may occur either 
sporadically or as an autosomal recasaive or dominant 
condition; 

We present a family with autosomal dominant QT 
prolongation and torsades de points* ventricular tachycardia 

The patient 

The i2>d4i case was ■ 44 y*v old ftmxU with • lift long history ci 
ayncop* which *u usually precipiutsd by «x«ruoo or unotioeaJ 
»wn» Thrwk months pnor to kmimoc ah* «u ctat&menc«d o* 
cyclop*othiaxjd* 0.5 tng daily far brpw-utsaioo. Sine* comm*oc*m*ei 
of: cy clop* nt hi arid* »h* rrportad th*i th* syocopaJ vpisodc* b*cao* 
nor* fr*gu*ot and prolonged, During oo* rpi*od* ib* was ob«*rv*d 
by her husband to b* pal* and puiseles* SB* had oo other iigruhcast 
past hi*tony, and *u oo do other cowLciuon* On admissioe u* 
hospital *h* wa* anxious but otbarwis* w*U_ Blood preisurv ■* 
140 80 sunHg and general exaaupatioe normal R**uag rhythm MCV 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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proportion of smokers as nonsmokers. As argued at length 
elsewhere |®-I2t this bias can produce an artefactual association 
of a s im ila r magnitude to the association claimed by Kawachi et 
aid| to be due to passive smoking. Wells (2) correction for this 
bias was totally inadequate, failing to allow for the possibility 
of misclAssified current typical regular smokers, whereas a recent 
s umm ary of data from large studies shows an average rate of 
about 4% uit 

Although there is virtually no epidemiological data on nsk in 
relation to workplace exposure to passive smoking. Kawachi et 
al ( 1 ) present estimates based on unjustified extrapolations from 
the spouse smoking estimates, which are themselves hopelessly 
biased. 

The authors present numbers of deaths with ranges, so giving 
the uninformed reader > spurious idea of accuracy. When one 
considers no major authority has yet concluded passive smoking 
causes IHD; it is difficult to see what useful< meaning one can 
attach to the cited lower limits of 39 IHD deaths for spousali 
smoking and 62 for workplace exposure. 
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Deaths from lung cancar and ischaemic haart disease 
due to pataiva smoking in New Zealand 
Kawachi. Pearce and Jackson p) estimate that passive smoking 
causes 273 deaths per year in New Zealand. 30 from lung cancer 
and 243 from ischaemic heart disease (IHD). Some 65% of these 
deaths are attributed to workplace exposure, the rest to spousal 
smoking. These estimates are scientifically unjustified. Too much 
weight is given to fragile epidemiological data, major sources of 
bias being totally underestimated. Too little weight is gives to 
evidence that nonsmokers have very low exposure to tobacco 
smoke constituents. 

The evidence that passive smoking increases risk of IHD is very 
unconvincing. The authors mote a mets-analysis by Weils (21 for 
their estimate of risk in relation to spouse smoking. This is based 
on 7 studies, many of which involve unacceptably small numbers 
of cases, eg. as low as two deaths in women married to never 
smoking husbands (3). The two studies with adequate numbers 
are both open to question. 

One of these is the Japanese prospective study Walls cited 
results from 17 years follow up (&} which claimed a significant 
trend in IHD in relation to spouse imoking , but failed to mention 
that this finding significantly (p <0.001) conflicted with an earlier 
report, based on 14 years follow up which claimed no association 
whatsoever! 

The other is the M ary land prospective study fa| which reported 
34% and 24% increases in IHD in men and women in relation 
to spouse smoking. This study has many features that are 
noteworthy. It made no attempt to follow up people moving 
outside Washington County, thus missing large numbers of 
deaths. It found no dose response relationship. It failed to collect 
data on a whole range of possibly relevant confounding factors. 
Those it did adjust for (age. marital status, years of school, quality 
of housing) bad an enormous affect on relative risk, changing 
estimates from 1.17 to 1.31 in men and from 0.66 to 1.24 m w ocmo 
emphasising the fragility of the results. 

The evidence relating passive smoking to King cancar is mors 
extensive than for IHD. being based on 27 published studies, not 
13 as Kawachi et al state! While there is an association of spouat 
smoking to hmg cancar risk that cannot plausibly bs 
by publication bias, it cannot bs reliably inferred this results from 
a causal affect of passive smoking. In the first place, exposure 
of d ob smo k e r s to smoke constituents is very low. Thus typical 
nonsmokars retain only about 0.01-0.02% of the amount of 
smoking related particulates retained by a smoker (T|. 
Furthermore, there are various sources of persistent bias in the 
epidemiology, a major one caused by mtsclsesifirsfinn of a 
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rtlad vasectomy 
A rtqent ACC appeal case was published m the Otago Daily Times 
and Hound it very disturbing (see Medicolegal p 453). This couple 
l compensation after tbs alleged failure of s vasectomy 
Oamsru Hospital in 1979. After this operation it 
iths before the sperm count was zero. Nearly five 

B all pregnant. These happenings 
the vasectomy was performed 
took s long time to reach zero 
sjaculate all the sperm from his 
The pregnancy resulted from 
nj and can occur once in about 
te the above explanations, some 
is standard medical practice to 
after three or at the most four 


Judge Middleton has 
and this persuaded the 
• art as I read them 

a clear miscarriage 


positive sperm teats after 
accepted this surgeons evidence 
judge to allow the claim- If the facts 
in the Otago Daily Timet then there 
of justice. 

Compensation has been wrongly swarded ahd a doctor wrongly 
a c c used of negligence. This esse may set a fa^ejprecedent. The 
Accident Compensation Corporation should nocNb* allowed to 
accept this appeal decision and this case should 
court. 


J K Walton. 


Department of Ur 
Dunedin 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Treatment of fray'* syndrome (gustatory sweating) 
with topical! glycopyrrolate: caaa report 
Treatment of Frey’s syndrome with 'topical glycopyrrolate is well 
described in the specialist literature but is generally not well 
mown. It ii likely there are a number of people in New Zealand 
that have this problem, but who are unaware of this potentially 
effective and simple treatment. However when I aaw my first 
patient with Frey s syndrome a few years ago. 1 soon discovered 
that topical gl y c o pyrrolate was not something that was readily 
availhbie. V 

Frey s syndrome or localised facial gustatory sweating and 
flushing is a rare condition which is most commonly seen as a 
sequelae of superficial parotidectomy. The patient, a 46 year old 
female, had'had a left superficial parotidectomy five years before 
for recurrent parotitis Following the operation, the developed 
sweating on the left side of her face whenever she ate and this 
caused significant social embarrassment. When the problem first 
occurred her surgeon had told her nothing could be done. In fact 
a number of treatments are available and include commercial 
antiperspirunts. topical 20% aluminium chkmde in alcohol stellate 
ganglion blocks, tympanic neurectomy, and subdennal insertion 
of fascia lata grafts. I believe none of these treatments are as 
simple and generally as effective as topical glycopyrrolate. 

Glycopyrrolate is a quancraary amcmium antic h o l in er gic agent 
which does not croes the blood brain bamer. unlike scopolamine, 
and is associated with a very low incidence of side effects. It has 
been shown to be an effective treatment for Freys syndrome pjj. 
The glycopyrrolate (Boznack Laboratories) was formulated in two 
strengths. 1% and 2% and in two formulations, gel and a cream. 
The cream was prepared by dissolving the glycopyrrolate in a 
minimum amount of water and incorporating into cetomacrogol 
cream. The cream was adjusted to'*pH 3.0-3.5. The gel was 
prepared by incorporating the powder into Sonigel in which it 
rapidly dissolved \ 

The patient commenced treatment wit^ 1% formulations and 
as these controlled symptoms for up to five days with the only- 
ad verse effect being an occasional dry throat, treatment was 
maintained at this strength. The gel was V cosmetically more 
acceptable formulation as the affected area extended into the 
n airline. \ 

The main precaution is to avoid use in patents with narrow 
angle glaucoma \ 

The following instructions were supplied to the patient: (1) 
Avoid applying to nose, mouth and eyes. (2) Nevkr apply to cut 
or infected skin. 0) Effectiveness may increase by applying twice 
in the same day. m by rubbing into the akin after x application. 
(41!Always wash hands well afterwards with soap and water. Do 
not wash the treated part of the face for 3 to 4 holers. Avoid 
contact between the eyelids and the wasb doth used on the 
treatment area. (6) Keep well away from children. <6) K®*P * 
cool'place. (7) If a significant side effect such as blurred viaion 
or dry mouth occurs and persists, temporarily discontinue and 
contact your doctor. (8}iDo not reapply until sweating occurs. 
Th a n k i to Jube KiaghL. intwc Phrmamt who 6mvmiapmti U» farriai^janm. 

H R Stegehuia. ENT Department, 

B Ellis. Pharmacy-, 

Palmerston North Hospital 
Palmerston North: 

1! Hw Col LL Km* AJ. Wntw JC Th» Fray irte a Attn ow*. 

OwUrn^olocy H—d Naei Surj 1*62: SO: 419-tt 
2. Him K. T bwy P. Dim Rouadk. Draf ■tirua flo mmkpm mtm. *i ■rrtu^M § ■ 
a, Frryj fjr^wn* Dm* Uia^fwot Ob Ftewcr IMS: » OMC. 


Passive smoking In New Zealand 
Mr Lees letter to the NZ Medical Journal (NZ Med J 1969; 102: 
448> contains much the same arguments as in his previous efforts 
on behalf of the tobacco industry in New Zealand and other 
countries iMi tech of which have previously been rebutted 

Mr Lee need not have pointed out to us that several studies 
of passive smoking and ischaemic heart disease involved small 
numbers of cases. Indeed he does not appear to have grasped that 
fchis is precisely the reason why we chose to use the results of 
-k meta analysis in our estimates. What is important is the overall 
numbers in the meta analysis, not the numbers in selected 
subgroups in specific studies. 

W> fail to see the point that Mr Lee is trying to make in his 
comment about the Japanese prospective study; there is nothing 


statistically implausible about s significant relationship between 
passive smoking and 1HD failing to show up on 14 years' follow¬ 
up |«j. but appearing on 17 year follow up |9j. Perhaps Mr Lee is 
unaware that the risk of I HD is relkted to duration of exposure 
(pack-years) to cigarette smoke, and that extending the duration 
of follow up increases the statistical power of the study? 

We cannot specifically comment on Mr Lee s references to his 
own writings on misclassificauon bias. Two of his citations on 
this subject are references to papers given by Mr Lee himself at 
overseas conferences, which were therefore inaccessible to us. 
Nevertheless his claim that misclassihcation of a proportion of 
smokers as nonsmokers has led to an artefactual association of 
King cancer with passive smoking appears most unlikely. It is 
just as likely that misclassihcation of passive smokers as 
nonexposed nonsrookers has led to an underestimate of the risks 
of passive smoking, ie. correcting this source of bias is likely to 
raise the relative risks of lung cancer and ischaemic heart disease. 

Finally, we would like to acknowledge Mr Lee's comment that 
the evidence relating lung cancer to passive smoking is based on 
27, not merely 13 studies. As Bradford Hill remarked poj. 
consistency of an observation across different studies increases 
our confidence in the belief that the association is causal 

Ichiro Ktwachii Department of Community Health: 

Neil Pearce, Wellington School of Medicine, 

Wellington 

1 To6met» Institute of K2. IndkMdBt KMtiAcmwol U» M*y 19B9 To®c SAMtAMM 
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Is empathy unhealthy? 

I h^ye read with some amusement and interest the description 
of various occupational or hobby rel*ted syndromes, eg. space 
invader^’ wrist, and triathlon tip. which surface in the medical 
literature from time to time. Each has described the hazards 
unwittingly encountered in one of a wide range of activities. 
Hiving beep a recent sufferer from another such unexpected 
condition, and s^hus considerably less amused. I felt it appropriate 
to add to this mounting literature of cautionary tales. 

Courses in interviewing skills stress the importance of nonverbal 
communication. It Is not sufficient to use the right words, or right 
tone. The positionmg'qf patient, doctor and desk affects the power 
balance between patiimt and doctor. We have been encouraged: 
to move out from behind our desks, to sit doee to the patient, 
and when appropriate to bye touch in our communication. Body 
language indu ding body posture must be congruent with the 
message we are attempting communicate. A forward Waning 
body posture denotes a readmes* to listen, a backward l ea ning 
lor. for most chairs, the sittings!traight up) position denotes a 
negative attitude [i\. \ 

The literature an this subject to my knowledge has concentrated 
on the effectiveness of the communication, and patient 
satisfaction: However, are there haxanis that accompany this 
improved communication? \ 

I report one case (myself) of cervical *pihe dysfunction le a din g 
to parse*thesis in the brachial plexus distribution, in a patient 
with frequent thoracic facet problems in th^ past. The cause 
appear* to be an occupational disease - that of ‘ampathetjc 
back*-too much body language of the "I am listening" variety. 
(An alternative label would be that of poor posture!) 

Have other medical practitioners and those in other listening 
professions noted the same problem. Do we need to.add to the 
literature yet another occupational disease? V 

Alex Thomson; Auckland. 
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'/ Passive smoking in New Zealand 

Mr Lee’s letter lij pretends to a scientific basis it does not have. 
Hirayama’s first publication 12 ) focused on cancer of the lung 
among nonsmoking J apanese wives and set off a flurry of criticism 
of the methodology-including the analysis. The analyses have 
been redone showing significance enhanced by improved analysis. 
Only someone committed to nonsense would report a p-value for 
Jhe difference between the two results. 

Mr Lee’s criticism of the study by Helsing et al 13] makes no 
sense on the face ofi it. Controlling for a whole range of possibly 
relevant confounding factors’ has as much likelihood of 
heightening the significance as of lowering it. The researchers 
found that adjusting the relative risks has in fact enhanced the 
significance of their findings. 

Mr Lee has a greater tolerance for assessing a study as 
"published’ than most scientists do, as demonstrated by his tenth 
reference. Perhaps he gives more weight to studies of 9 subjects 
which unsurprisingly fail to yield significant results than most 
epidemiologists would. He may not, however, show so little 
tolerance for the epidemiological methods he exploits. Spousal 
smoking has, again and again, been shown to be associated with 
lung cancer risk |4.5.6). The biomedical underpinning - proven 
8tudies in animals and dose-related responses in humans—relating 
the constituents of both sidestream and mainstream tobacco 
smoke to production of cancers of the lung is undisputed p,Bj. 

Propinquity of the non-smoker to the smoker over time rather 
than the concentration of single toxic substances in the ambient 
air determines the degree of exposure. Given the large numbers 
of exposed nonsmokers even a very low degree of risk has 
substantial impact. 

Misdassification bias, a favourite theme of Mr Lee, is a two- 
edged criticism. As long as mis re porting of exposure is as likely 
for cases as for controls misdassification depresses the relative 
risk. The risk will be overestimated only when cases whose 
husbands smoke deny their own actual smoking more readily than 
cases whose husbands do not smoke or when cases exaggerate 
their husbands’ smoking more than controls do. Where actual 
exposure has been measured and compared with reported 
exposure the agreement has been high and the misreported 
exposure has not been in only one direction. 

The validity of extrapolating exposure in the home to exposure 
at work raises other questions about indoor air. If the home setting 
is one where a nonsmoker can choose another room to be in than 
the one the smoker is in, then exposures at home would be lower 
than worksite exposures. In the workplace freedom to move away 
from the smoke source is generally denied. By extrapolating 
Kawachi et al \9] have probably underestimated the risk and the 
number of deaths attributable to passive smoking. 

Common sense does more than pseudo-science can to produce 
credibility. The weight of the evidence is against Mr Lee and 
others whom the tobacco interests sponsor itoj. 

J Reihken, FFMS Consultants, 

Wellington. 
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After two letters from the group seeking details the board finally 
stated: 

‘In reply to your letter of 22 October 1987 we believe there 
is nothing to be gained from pursuing the matters you raise 
in your letter. Our reference in our original letter referred 
to apparent breaches in the past and the need to provide 
effective controls/ 

That is as much information on 'instances of breaches of 
confidentiality’ as was ever received from the Board of Health 
despite the repeated requests from the group for information on 
actual instances. The board did not refer to any submission from 
private pathologists. 

We repeat "no individual, no doctor and no group provided the 
working group with information on breaches ofi confidentiality* 
Ill. The essential point is that, despite all our efforts, we could 
not find any substantiated evidence of an actual breach of 
confidentiality by the New Zealand Cancer Registry. 

It should not be necessary, but it may be helpful, to emphasise 
that had the group been given information on any instance 
apparently involving a material breach of confidentiality we would 
have regarded this as a serious matter and sought to ensure a 
thorough, independent and sensitive investigation. 

We would like to take this opportunity to thank the many 
organisations and individuals who submitted comments on our 
report to the Review Committee on Health Statistics. We 
appreciate the constructive criticisms and the general support for 
our proposals. 


K R Cooke, 


A J Gray, 
A F Burry, 

R Stewart, 


Department of Preventive and 
Social Medicine, 
University of Otago Medical School: 

Dunedin; 

Cancer Society of New Zealand; 

Wellington; 
Department of Pathology, 
Christchurch Hospital, 
Christchurch; 
Department of Surgery, 
Wellington School of Medicine, 
Wellington. 


li Cooke KR. Gray AJ. Burry AF. Stewart RJ. NZ MedJ 1989; 102: 197. 


Dietetic advice 

I was interested to read the paper Children’s diets: what do 
parents add and avoid? by Dr R P K Ford and colleague (NZ Med 
J 1989; 102: 443): with the analysis of advice on various food 
substances. 

It is quite staggering to find that none of the 103 children 
interviewed for this article had been given dietetic advice. Over 
and over again we are concerned to find that general practitioners 
give detailed advice when they are not trained to do so. The whole 
question of diet and nutrition is underestimated and undervalued 
in the undergraduate and postgraduate curriculum! 

Fortunately we have an efficient training programme for 
dietitians in New Zealand and, in my opinion, it is unethical and 
unprofessional to attempt to give patients detailed advice on diet 
when we have well trained and qualified colleagues available to 
undertake this task. 

I was provoked to write such a letter because all too frequently 
we have people referred to hospital with complications of diabetes 
who have never had the opportunity to have a consultation with 
a dietitian, who could certainly have influenced their eating 
patterns. 

D W Beaven, Department of Medicine, 

Christchurch Medical School 
Christchurchi 


! 

Cancer registration working group 
We regret that Dr Hitchcock (NZ Med J 1989; 102: 419) regards 
our letter on cancer registration Ii] as incorrect. We can only 
repeat what actually occurred. 

Dr Hitchcock mentions a submission from the Board of Health. 


Informed consent 

I recently received a copy of the New Zealand Medical 
Association’s revamped informed consent/request for treatment 
form. 

It is impossible for a patient to know that he/she has received 
an adequate explanation of risks etc when the patient is in no 
position to assess this. If any aspect of the operation is withheld 
or overlooked the patient has no way of knowing. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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presence, and found !th at nalidixic add was contraindicated if there 
was history of convulsive disorders. I discontinued nalidixic add 
and substituted cotnmoxaxole 

I am happy to report the child has been free of convulsions for 
the last 5 weeks Also there is a marked improvement in 
personality with no evidence of hyperactivity. I am unable to: 
predict whether the child will be free of convulsions and 
khyperactivity in the future. 

\ The lesson to be learnt from this experience is to listen to the 
Concerns and observations of parents. They are with the child all 
lie time We cannot remember the aide effects and 
contraindications of drugs all the time If in doubt don't be 
ri Octant to refer to the text book even in the presence of patients. 

G W Paul. Ngaruawahia. 

Thd budget and certifying fitnass for work 
The policy of a single benefit for people temporarily exrh i ded from 
the paid work force is good. Many factors hinder rehabilitation 
and itbs unreal to pin it all on one. However the proposed greater 
monetary rewards for long term sickness disability will put more 
pressure on certifying doctors. 1 personally find assessment of 
sickness disability more difficult than accident. When one is paid 
by the patient, one must do the best thing for that patient, who 
often interprets this in purely financial terms. 1 find that patients, 
even onel I have never seen before, often resent any attempt to 
reassess disability. Patients will go to the doctor who takes the 
softest linfe. Clearly the budget proposals will not work unless 
careful consideration is given to the mechanism for deter m i n i n g 
who is fit fta work: 

People arAex eluded from the paid work force for eight reasons: 

Lack of suable employment. Very few people with long term 
disability are anable to do any sort of work. A caring society would 
reserv e suitable jobs for the disabled. Certifying somebody fit for 
light work is fide as sporting enthusiasts prefer these jobs too. 
We are wedded to the concept of a forty hour working week. There 
would be many rid vantages if twenty hour week employment were 
more generally avail kb le. For many attempting rehabilitation this 
would be a much more realistic initial goal I am dismayed at the 
budget target of luO 000 unemployed by the end of 1992. It would 
be fairer to aim at\200 000 working only twenty hours a week. 
Only the totally disabled should be excluded from the work force. 

Lack of training and skills. These are required for most jobs 
suitable for peopleAdth disability. Retraining is the key to 
rehabilitation. \ 

Care of other persons. Many are excluded from the paid work 
force by the needs of children and invalids. People often combine 
these responsibilities with paid employment but only if their 
health remains goodi y 

Lack of motivation. 1 usually find that this is better described 
as having given up hope.VWhat use is rehabilitation if there is 
no job? Where a patient has been on high wages the job that 
follows is likely to be lower paid. A major obstacle to rehabilitation 
would result from the proposed earnings related compensation 
for long term sickness disability. 

Place of residence. People who have given up hope often attempt 
to make life bearable bv moving to pleasant places. These are 
likely to be remote from rehabilitation facilities or employment 
opportunities- Others attempt to relieve boredom by becoming 
itinerant. y 

Congenital disabilities, illness.\accident. These last three are 
the only causes that coroe into the Wea of expertise of the medical i 
profession Even here we often need the assistance of other 
disciplines. Seldom are medical conditions the sole causes of 
exclusion from the workforce. It is often impossible to say whether 
rehabilitation is possible unless rehanilitation has been tried. 

1 accept that certification by a doctor acting alone is the only 
practical way for short term disability. However I consider it 
unwise for these certificates to be renewable indefinitely, 
sometimes by a different doctor each time. I propose that a time 
limit of say six months be set. After that.\assessment should be 
by a multidisciplinary team, whose chief function is rebab ilitation. 
Patients should be reviewed annually. Evenuf the medical cause 
for exclusion from the workforce is unlikely to improve, the 
nonmedical causes may. I consider it wrong to tell clients that 
they are permanently useless. V 

Bruce Mackereth, Mercury BayVHealth Centre, 

V Whitianga. 
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Passive smoking in Ntew Zealand 

In replying to my earlier letter (NZ Med J 1 1989. 102: 448) Drs 
Kawachi and Pearce (NZ Med J 1989; 102: 479) misunderstand 
some important issues. They suggest I have not grasped the 
purpose of meta-analysis, because I pointed out many of the 
studies of passive smoking and heart disease are very small. Not 
so; I was making it clear the overall meta-analysis would be 
dominated by the two large studies, based on more deaths (18521 
than the other five studies combined (226). and that there were 
major doubts about the findings from both of these large studies 

Drs Kawachi and Pearce seem to understand my criticisms of 
the Maryland study |1). but not my comment on the 
inconsistency of the two reports from Hirayama's study |2.3). 
Based on 14 years follow up and 406 heart disease deaths among 
female nonsrookers. Hirayama |?) reported relative risks, 
standardised for age and occupation, of 1. 0.97 and 1.03 according 
to whether the husband was (i) a nonsmoker, (ii) an exsmoker or 
a smoker of'I-19 cigarettes a day. or (iii) a smoker of 20+ cigarettes 
a day. Based on 17 years follow up and an extra 88 deaths. 
Hirayama (3) reported relative risks, standardised for age. of 1, 
1.10 and 1.30 for the same comparisons. If standardisation for 
occupation had no effect it can be estimated that the relative risks 
for the last 3 years follow up would be 1, 2.85 and 5.07, a 
magnitude of effect inconsistent with his previous results and also 
so large as to be totally implausible. If standardisation for 
occupation did have an effect, why did Hirayama not standardise 
for it in the later analysis? 

The heart disease data, which contribute largely to the 
estimated 'number of deaths per year caused by passive smoking’, 
are very unconvincing. The American Cancer Society million 
person study has provided the best evidence relating to spouse 
smoking and lung cancer |4] and it is unfortunate no similar data 
on heart disease have ever been presented- The study has far more 
deaths in nonsmokers than the Japanese or Maryland studies, 
and the quality of evidence is much superior. 

Drs Kaw*achi and Pearce say they cannot specifically comment 
on my claim that misclassifieation of a proportion of smokers as 
nonsmokers might explain the observed association between 
passive smoking and lung cancer as two of my citations are to 
papers given at conferences. This overlooks all the other 
references, one to a book (5) available since 1988 which contains 
all the essential material. I have forwarded each of them a 
complimentary copy. 

Drs Kawachi and Pearce quote the remark of Hill 16] that 
consistency of an observation across different studies increases 
confidence in the belief that the association is causal This ignores 
the possibility of a common source of bias affecting all the studies. 
Misdassification of smoking habits is just such a bias. Measuring 
something 27 times with a faulty instrument is no better than 
measuring 13 times. What is needed is an accurate instrument. 
Until better studies are designed, estimates of deaths caused by 
passive smoking based on meta-analysis are likely to be seriously 
inaccurate. 

The views I express do not necessarily reflect those of the 
tobacco industry. Many organisations consult me, including some 
tobacco companies, but the views I express are always my own, 
and the only reason for expressing them is to promote scientific 
understanding of issues of which I have expert knowledge. 


Peter N Lee (Mr), PN Lee Statistics and Computing Ltd. 

Cedar Road, 
Sutton, 


Surrey SM2 5DA. UK. 
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Passive smoking and passive thinking 
Mr Lee* objection to the evidence on passive smoking (NZ Med 
J 1989. 102: 5391 hinges os his theory that misciasaificitioD of 
a proportion of smokers as sons makers might explain the 
observed association between passive smoking and lung cancer 
However his own book on the subject 111 . which he died, is itself 
a 3 00-page monument to bias. In it, be makes an exhaustive 
exploration of the possibility that smokers are misclassifted as 
nonsmokers, while completely ignoring the fact that the ■mnlnng 
habits of the spouse are equally likely to be mi sc) as sifted, thus 
biasing the relative risk estimate towards 1.0. Given the 
widespread exposure to passive smoking in society, it is likely 
that epidemiologic studies so far have underestimated the 
magnitude of risk. 

Judging by his remarks on Hirtyama s study !2(, Mr Lee does 
not appear to have realised that the age and occupation- 
standardised rate ratios for ischaemic heart disease have been 
reported for 17 year follow up | 2 t The age and occupation* 
standardised figures were similar to the rate ratios standardised 
for age only |2). We have a complimentary copy of this paper 
available should Mr Lee wish to read it 

As with Mr Lee. the views we express are always our own. 
However, we do not receive any fees when we express them 
Perhaps this helps clkrify the issue of misdhssification. which is 
really very straightforward, and almost invariably leads to an 
underestimation of the passive smoking effect 


Ichiro Kawachi. Department of Community Health. 

Neil Pearce, Wellington School of Medicine. 

Wellington. 
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Treatment of hypertension 

Kawachi and Purdies reply (NZ Med J1989: 102: 540) to my letter 
ID raises important issues in the debate about the benefits of 
treating hypertension Two main points require serious 
consideration. The first is contained in the advice that 1 should 
consult their data pertaining to treatment at a bloody res sure 
greater than 100 mmHg |2J. and to accept that these data 
represent the expected gain with treatment if hypertension is 
treated according to the recently published gukmines. This is 
wrong. The advice fails to recognise that the definition of 
hypertension by trial protocols is quite different from that 
suggested by recent guideiines. and it is not difficult to show that 
trial patients are unrepresentative of the/farger population and 
are at lower risk even at equal levels oj'hlood pressure because 
of exclusion criteria and the method opielection. A patient whoae 
diastolic blood pressure is 100 mmHg ifter several readings taken 
over a reasonable time interval ix/it higher risk than if selected 
from a low risk population^on the basis of screening 
measurements. In the placebo treated group of the MRC trial, 
whose records I am currently studying, the unadjusted 
cardiovascular event rateat entry for those with diastolic blood 
pressure greater than 100 mmHg tn»3022) was 8.1/1000;yr. but 
in those with the same blood pressure 3 months into the trial 
in«3 398) (equivalent to a definition of hypertension more in 
keeping with the guidelines) the corresponding figure was 10.3 
(Miliar and L*y4r. unpublished). This illustrates that current 
guidelines have the effect of identifying a subset of patients with 
a greater nsfc thereby optimising the efficiency of treatment 
measured as the number of patients treated per event avoided, 
in this case 373 versus 116 respectively . These figures art much 
lower than those presented by Kawachi and Pur die |2J. 

The second point relates to the knag term benefits of treatment. 
This is a complex and important iaaue which cannot be fully 
j addressed here: Suffice to aay that Kawachi and Purdies 
s ' suggestion that treatment can be deferred until the blood pressure 


rises to unacceptable levels not only implies an arguable value 
judgment on then part but is illogical and not supported by any 
evidence that I know, though it has to he acknowledged as a 
poaaibility No tnal has abown that deleiTed treatment confers 
benefit (none has been deaigned to dcrao). and although left 
ventricular hypertrophy can regress with some forms of treatment 
(generally, the expensive ones!I there \L evidence that permanent 
ultrattructural changes occur m theymyocardium. Common sense 
suggests that treatment should he started as soon aa a proper 
diagnosis according to current guidelines is made. 

1 noted the subtle change in the identity of the decision maker 
from the doctor to the pat itnyin the case of my hypothetical 30 
year old. This raises int«4sung questions. Whose is the 
responsibility if the patie/t makes the wrong decision? Is it 
realistic to expect him to review hit decision at regular intervals, 
and if-to. on what grounds will be reverse it? Will this happen 
before or after the onset of hemiplegia or dyspnoea? 

The drug aide effects are important for the patient and as a 
determinant of the overall ratio of costs to benefits. I believe the 
point 1 was making is clear enough and 2 leave it to practitioners 
to decide from their experience whether aide effects such as 
impotence are reversible on withdrawal of the offending agent or 
not. £ 

A previous paper from my correspondents' department has 
compared (unfavourably) the cost of treating hypertension with 
cardiac trahsplantation isj. and the clear implication from their 
publications is that they regard the treatment of mild 
hypertension as prohibitively expensive. We have a gree d with 
their conclusion, up to s point |4.sy but have provided cost benefit 
analyses based on both trials of treatment and current 
management guidelines. It would be instructive to see similar 
calculations from Kawachi and Purdie. 

J A Millar. MRC Blood Pressure Uhit., 

Western infirmary. 
Glasgow Gil 6NT. 

Scotland. UK. 
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Diet and behaviour 

I write in response to the leading article. Diet and£eh»viour (NZ 
Med J 1989: 102: 499IJI am the mother of three children as well 
as being s general practitioner. Our 3Hyear^fd daughter is food 
sensitive. and I have no doubt that thymgesuon of foods or 
additives that disagree with her cause^etenorating behaviour, 
dark circles under her eyes, night wakmg (1.30 am-4.30 ami. loss 
of appetite, increased thirst, vuiyftis and joint pains. These 
reactions have been confirmed an aeveral occasions by (often 
inadvertent) challenge tests Lnive been manipulating her diet 
for a year with excellent results and improved sleep, and contest 
that, far from a negative effect, it has develbped great 
responsibility and conce/h in her 5 year old sister that she should 
not' be exposed to fopds that make her ill. 

Critical observaudn Has long been the backbone of medical 
practice. Aceurate'aeductions have been made before the process 
in question wax/understood We need look no further than the 
develbpmem an vaccmation by Edward Jenner. the correlation 
between handwashing and puerperal infection noted by lgnax 
Semmelwafss and the discovery of penicillin by Alexander 
Fleming/ 

Parents and teachers are the. people best able to assess the 
behaviour of children. Early and subtle behaviour changes are 
unKkeiy to be noticed by independent researchers who do not 
khow the children We also are not aware of the cumulative effect 
p{ these small behavioural changes on the aducauonal life of the 
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Cardiovascular diseases and the work environment 

A critical raviaw of the epidemiologic literature on chemical factors 

by Tape S Knstensen, MSc’ 


KRISTENSE NTS Cardiovascular diseases and the work environment!: a critical review of the epidemio¬ 
logic literature on chemical factors Scand J Work Environ HeatthA9MM ;24-5—264 This is the second 
of twc articles reviewing the epidemiologic research on cardiovascular diseases (CVD) and the work 
environment, li deais with chemical factors, le. lead, cadmium, cobalt, arsenic, carbon monoxide, pas¬ 
sive smoking, organic solvents, carbon disulfide, nitroglycerin. nitrogiycoL and others The epidemiolog¬ 
ic literature relating to each is assessed on the basis of a number of methodoibgical cnteria. and the need 
for future research, the methodology of literature reviews, and preventive implications and perspectives 
are discussed: It is concluded that the causal relationship between two of the chemicals, carbon disulfide 
and nitroglycerin nuroglycol. and CVD is very well documented For lead and passive smoking a causal 
relation to CVD is likely. More research is needed concerning cobalt; arsenic, antimony, and other chemi¬ 
cal compounds Exposure to carbon monoxide increases the acute risk of CVD but has probably no listing 
atherosclerotic effect. Cadmium and organic solvents are probably not causally related to CVD. 

Key terms ■ antimony.,arsenic, beryllium, cadmium, carbon disulfide, carbon monoxide, chemicals, cobalt, 
combustion products, dinitrotoluene. hypertension, ischemic heart disease, lead, nitroglycerin, nitrogJycoh 
occupation, organic solvents, organophosphates. passive smoking 


This is the second of two articles on the work environ¬ 
ment and cardiovascular diseases (CVD). It reviews the 
epidemiologic literature on occupational chemical fac¬ 
tors and CVD. The results of the review are compared 
with those of earlier reviews in this field ( I — 13). 

As in the previous article (14). I have dealt with oc¬ 
cupational! factors, but not with individual habits or 
characteristics. Thus, for example, I discuss passive 
but not active smoking, lead and cadmium but not soft 
water. To facilitate the best possible clarification of 
the occupational factors considered; l have also in¬ 
cluded investigations which are not strictly occupa¬ 
tional! because most of the exposures are also found 
outside ihe work environment. 

The objectives of this article are the same as those 
ofithe previous one, ie. (!) to record and integrate the 
epidemiologic literature on CVD and the work environ¬ 
ment; (ii) to evaluate the research with the objective 
of elucidating possible causalities between occupational' 
factors and CVD; (iii) if possible, to point out areas 
where enough is known to start employing the research 
results for the purpose of prevention, and (iv) to point 
out defects and deficiencies in existing research with 
the objective of strengthening and improving future 
research efforts. 


1 Institute of Social Medicine. University of Copenhagen, 
Copenhagen, Denmark. 

Reprint requests to: Mr TS Knstensen. University of Copen¬ 
hagen. Panum Institute, Blcgdamsvej 3. DK-2200 Copenha¬ 
gen N. Denmark. 


Materials and mathods 

The criteria for collecting and evaluating the epidemi¬ 
ologic literature have been described in detail in the 
previous aniclfc (14): The objective has been to include 
ail epidemiologic studies on the exposures in English, 
German or the Scandinavian languages (or which have 
summaries in one of these languages). Thai objective 
has not been fully realized, although this review is more 
comprehensive than earlier reviews on the same topic. 
To give the readers an opportunity to supplement the 
review of the individual exposures, some special 
reviews from recent years have also been included. 
They contain extensive lists which also cover the 
nonepidemiologic literature. 

The most important objective of the review has been 
to identify causal risk factors for CVD. With this in 
mind, I have evaluated the following five central 
methodological points for each study: (i) the time 
dimension, (ii) confounding, (iii) selection* (iv) mea¬ 
surement of exposure and disease, and (v) adequate 
design and statistical analysis. On the basis of this crit¬ 
ical evaluation, each study has been given a score be¬ 
tween “x” and “xxxxx” for methodological quality. 
(For more details of this scoring system, see refer¬ 
ence 14.) 

It should be emphasized that, when I refer to 
“study” in the following discussion, I do not neces¬ 
sarily mean an “article” or “paper.” An article may 
contain two or more studies, eg, when the same hy¬ 
pothesis has been tested on rwo different populations, 
such as men and women or inhabitants of two differ¬ 
ent cities. If the analyses are published in such a way 
that the results for each individual group can be iden- 
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tiHed. they have been regarded as separate studies. On 
the other hand, the same research project is often pub¬ 
lished m several articles, eg, in prospective studies, in 
which successive results are published as the cohort 
grows older. In such cases, all articles have been evalu¬ 
ated as a whole with regard to study outcome and 
methodological quality. 

Results 

Lead 

Many epidemiologic studies have been published oni 
lead and CVD. Nonetheless, the topic is treated very 
superficially in the general reviews on the relationship 
between environmental exposures and CVD. In several 
more recent reviews, lead is not mentioned at all (3. 
4. 7. 8). while the topic is treated very briefly with a 
maximum of three references in others (1, 2, 5, 9, 12). 
Only in the early review by Warshaw from 1960 (13). 
in Kurppa et afs review of 1984 (6), and in the repons 
of Rosenman (10, II) is a reasonably thorough dis¬ 
cussion of the possible lead-CVD relationship included. 
These authors give six to twelve empirical references. 
The general Conclusion drawn by the authors who men¬ 
tion the topic is that funher research is necessary. 

In the more specific literature on lead, trace met¬ 
als. or trace elements, similar divergencies art found. 
There are examples ofiCVD not being mentioned in 
reviews on lead and health (13) and of lead not being 
mentioned in reviews on trace metals and CVD 
(16—18). However, the most common conclusion in 
these reviews is again that funher research is neces¬ 
sary (19—24). Some reviews do, however, conclude 
that lead has been shown to increase the risk of CVD, 
eg, Teleky's review from 1937 (25) and StOfen’s review 
from 1974, which primarily deals with German and 
East European studies (26). 

In 1987 and 1988, two reviews were published which 
marked a new departure in this field of research One 
is the comprehensive review by Sharp et al (27) on 
epidemiologic, clinical, and toxicologic studies con- 
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cernmg low-level lead exposure and blood pressure. 
The other is a special issue of Environmental Health 
Perspectives (1958, volume ^8). which contains papers 
and discussions from an international symposium on 
the relationships between lead and blood pressure. This 
issue contains several reviews of both experimental and 
observational investigations (28—32). The conclusion 
from these comprehensive reports is that it'must be 
considered probable, though not vet definitively 
proved; that low-level lead exposure increases blood 
pressure and consequently the risk of CVD. 

In the present review . 63 empirical studies have been 
evaluated (tablfc 1). The empirical research in the field 
can be said to fall into three periods, le. 1920—1962. 
1963— 19801 and 1980—the present. In the first period 
several studies were published on the topic, especially 
on the relationship between occupational!lead exposure 
and blood pressure. The methodology of most of these 
studies is, naturally, rather primitive, but there are ex¬ 
ceptions — for example, Vigdortchik’s remarkable 
study from 1935 (51), 1 have included six of the inves¬ 
tigations from this early period in mv review The sec¬ 
ond period. 1963—1980. was heralded by Dingw'all- 
Fordyce & Lane s historical prospective mortality study 
from 1963 ( 64 , 66). During this period, at least'one 
investigation was published on the topic every year, 
but, as suggested earlier, these studies did not arouse 
an> particular attention. From 1980 on. the situation 
has changed dramatically. Many more studies have 
been published (38 of the 63 investigations in table 1 
are from the !980s)i and also interest is sharply rising 
ini the possible relationship between lead! and blood! 
pressure at very low-level lead exposures, correspond¬ 
ing to those levels that the general population is ex¬ 
posed to from Itaded gasoline, food, water, etc. 

Table l reveals five features. First, many empirical 
investigations have been conducted. Second; virtual* 

all the studies have a low or medium score for 
epidemiologic quality. Third, 30 investigations (48 r ») 
show a clear positive relationship between lead ex¬ 
posure and CVD (or blood pressure), while nine (14 •?#) 
show a positive tendency. Fourth, a very clear rela¬ 
tionship exists between study quality and study out¬ 
come. The percentage of positive studies increases as 
one moves from 4 *x” to “xxxx° as follows: 17, 47, 
67. and 100 Fifth; there is only one study which 
shows a negative relationship between lead exposure 
and CVD (33). 

The large number of positive studies and the posi¬ 
tive correlation between study quality and study out¬ 
come supports the hypothesis of a causal relationship 
between lead exposure and CVD. 

A more-detailed examination of the 63 studies in¬ 
dicates that they are very different with regard to study 
design, study end points, and intensity of exposure. 
Many of the studies are, eg. cross-sectional investiga¬ 
tions of the relationship between rather low levels of 
lead in blood and blood pressure, while others are 
historical prospective studies of mortality among 
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heavily exposed workers. However. further analysts 
show* That: both t he share or positive studies and the 
posime trend with increasing ^tudv Quality are virtually 
the >ame when the different tv.pe> 01 studies are ana¬ 
lyzed separately. 

Whiie the relationship between low-level lead ex¬ 
posure and blood pressure hvperiension has been dealt 
with in detail in the earlier mentioned reviews from 
\9V and 1988 (2"—32). studies ot'lead workers with, 
considerablv higher levels ot exposure have not. As 
these studies are ot' particular interest tor occupational 
medicine, l have included si\ dealing with mortality 
in mv review. 

Dingwall-Fordyce & Lane (64. 66) found increasing 
cerebrovascular mortality with increasing lead ex¬ 
posure The standardized mortality ratio (SMR) values 
were 94. 98, and 160 for employed lead workers as ex* 
posure increased and 76* 1 f?6. and 258 for retired lead 
workers, respectively. A later follow-up study showed 
the same trend, but — as expected — converging SMR 
values (65). 

Cooperand his co-workers (57—59) found moder¬ 
ately elevated or normaliSMR values for cerebrovas¬ 
cular mortality in two lead-exposed cohorts (SMR 132 
and 93) but elevated valties for "other hypertensive dis¬ 
eases" (SMR 475 and 320) and “hypertensive heart dis¬ 
eases" (SMR 203 and 128). 

McMichaeli& Johnson (86) compared the mortali¬ 
ty ofi workers with previous lead 1 poisoning wjrh the 
mortality of other lead workers and Australian men 
in general; Using proportionate mortality ratios, they 
found twice as many deaths due to cerebral hemor¬ 
rhage and>24 more deaths due to other cerebrovas¬ 
cular diseases among the formerly lead-poisoned work¬ 
ers than among the other lead workers. In a compari¬ 
son wiih Australian men, the differences were even 
greater. . 

Davies (62) also studied men with previously regis¬ 
tered lbad poisoning and found an SMR of 410 for 
cerebrovascular diseases. 

Sclevan et al (93. 94) found fewer cerebrovascular 
dearhs than expected (SMR 84), but even in this “nega¬ 
tive" study the SMR values for cerebrovascular deaths 
increased with increasing exposure (<5 years: SMR 
47; 5—19 years: SMR 75; 2:20 years: SMR 146). 

Finally, Gerhardsson et al (40) found an SMR of 
130 for cerebrovascular diseases among lead workers. 
Internal comparisons showed a positive correlation be¬ 
tween both the mean blood-lead level and the peak 
blood-lead level'and cerebrovascular mortality. 

These six mortality studies of lead-exposed work¬ 
ers all have a medium level ofi epidemiologic quality. 
However, when the problems associated with histori¬ 
cal prospective mortality studies are taken into con- 
siderationi the investigations show a rather consistent 
pattern with increased cerebrovascular or hypertensive 
mortality in the highly exposed groups. In addition, 
most of the studies showed an increased mortality as 
a result of chronic renal disease. 


Even though studies with high methodological qual¬ 
ity (“xxxx" or ■Vxxxxx") are few, ihe following con¬ 
clusions seem reasonable on the basis of the existing 
epidemiologic literature: <i) there is a causal relation¬ 
ship between lead exposure and blood pressure even 
at low exposure levels corresponding to blood-lead 
levels below 30 ug dli(27, 28. 3K 7 0, 7t, 74 . 106). and. 
even if the relationship is weak, this relationship may 
have considerable public health implications due to the 
widespread lead exposure throughout the industrial) 
ized world (32, 72): <ii) there is an increased incidence 
of cerebrovascular diseases among workers w ho have 
been occupationally exposed to lead, but the clarifi¬ 
cation of the dose-response relationship is not possi¬ 
ble on the basis of the existing studies; (iii) no studies 
have been found in which the incidence of ischemic 
heart disease (IHD) increased as a result of lead^ex- 
posure. 

Cadmium 

The relationship between cadmium and CVD has been 
treated with considerable variability in general reviews 
on environmental exposures and GVD. A few authors 
dealt with the topic rather extensively (6, 10 ; 11. 13), 
but none gave more than 10 references. Others men¬ 
tioned the possible relationship between cadmium and 
CVD but treated the topic very superficially (1,2, 5), 
while the remaining authors did not mention cadmir 
um at all (3. 4, 7—9, 12). In those articles in which 
the topic is discussed, it is concluded that the ques* 
non is not sufficiently clarified and that further re¬ 
search is necessary. 

In the special reviews on the associations between 
trace metals or cadmium and CVD, the possible rela¬ 
tionship between cadmium and blood pressure is treat¬ 
ed exhaustively by all the authors. In the older reviews 
from the 1960s and the first half of the 1970s, there 
is generally a belief in the hypothesis of a cadmium- 
blood pressure relktionship (16—19, 108—110). 
Among these reviews, Schroeder’s experiments on rats 
in the early 1960s play an important role. From 1976 
on, skeptical articles and reviews (20. 23. 1 11 1 — 116) 
alternate with more positive ones (117—119). Con¬ 
siderable agreement exists regarding the relationship 
between cadmium exposure and increased blood pres¬ 
sure shown in animal (experiments with rats, dogs, and 
rabbits, but there is no consensus on the interpreta¬ 
tion of research on humans. After more than a quar¬ 
ter of a century of research comprising hundreds of 
experiments and investigations, Spieker et al (116) con¬ 
cluded in one of the most recent reviews: “The data 
available up to now [about the connection between hu¬ 
man hypertension and cadmium pollution] can only 
be considered as a first step to clarify this problem (p 
35]f*. This is. indeed, a modest profit from such great 
efforts. 

In the present review, 33 investigations of cadmium 
and CVD (mainly blood pressure/hypenension) have 
been evaluated. In M of the studies, cadmium in blood; 
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urine, hair, or kidneys has been compared for live 
hypertensive and normotensive persons. In nine studies 
persons w ho died from hypertensive heart disease or 
relkied causes have been compared with persons who 
died! of other causes. In these studies, the cadmium 
comeni was.generally measured from the kidneys or 
liver. Fne studies are cross-sectional investigations of 
representative population groups for which the blood 
pressure ha> been related to cadmium in blood or urine. 
Four studies have related cadmium pollution in varii 
ous city areas to morbidity and mortality, and the last 
four are occupational I medical studies. Table 2 contains 
a survey of the results and quality of these studies. The 
table indicates the following: (i) the studies examined 
have, in general, a low epidemiologic quality, and none 
of the studies have been rated "xxxx" or "xxxxx"; 
<ii) 1 13 of the studies (39 r o):show (a tendency towards) 
a positive relationship (-*- or ( + )] between cadmium 
exposure and CVD: and (iii) there is a negative rela¬ 
tionship between study quality and “positivity," Of 
the studies with a rating of “x," 46 *0 were positive; 
of the studies with a rating of"xx," 44 were posi¬ 
tive; and of the studies with a rating of "xxx." 21 r o 
were positive. 

Both the low share of positive studies and the nega¬ 
tive trend in the table speak against the cadmium-CVD 
hypothesis. The conclusion therefore is that the null 
hypothesis is best supported by the investigations ex¬ 
amined. 

The methodological level of the research on cad¬ 
mium and CVD (especially blood pressure/hyperten¬ 
sion) is so low that an identification of the most com¬ 
mon errors and flaws is important to facilitate their 
avoidance in future research. One of the worst prob¬ 
lems concerns the measurement of cadmium exposure. 
Many studies estimated the exposure by measuring cad¬ 
mium in blood ( 7 . 7 . 80, 124, 137, 138, 140, 141, 
148—151, 153). The blood cadmium level is, however, 
not a very reliable measure of the cadmium body bur¬ 
den. As early as 1976, Morgan (1551 wrote: "Blood 
and urine may be convenient'fluids to measure, but 
neither is well correlated with kidney or liver content, 
which together! comprise about one half of the body 
burden (p 1361)." In contrast, the blood contains only 

Table 2. Results of 33 epidemiologic studies of cartiiovucu 
l*r Diseases (CVD) »no cadmium exposure according to the 
methodological Quality of the studies The table is based on 
references 55. 77,. 80, 95-97. 107. 120-154. 
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0. l."o ot the body burden. Morgan recommended mea¬ 
suring cadmium in hair, kidneys, or liver. This view 
is strongly supported by other experts, including 
Lauwerys (112) and Perry &, Kopp (119). Several 
studies have empioved cadmium in urine as a measure 
of past exposure. buMhis measure must be regarded 
as bring evempoorer than cadmium in blood (77, 95. 
107. 138. 144. 153). Seven of the 13 positive studies 
in table 2 have employed cadmium in blood or urine 
as the measure of exposure. 

Two of the remaining six positive studies employed 
the cadmium content in air in a number of American 
cities as a measure of exposure. The results were then 
correlated to CVD mortality, and a positive relation 
ship was found <131. 132)i This method is problemat¬ 
ical for many reasons. For example, the influence of 
cadmium in air on body burden is very slight. The sig¬ 
nificant factors are food, smoking, waier, and occupa¬ 
tional exposure. 

Anothen major methodological problem concerns 
the study design employed. Many of the investigations 
empioved a “quasi case-referent" design in which sick 
persons (with hypertension or IHD) were compared 
to healthy referents (77, 123. 124. 128, 130, 133. 
140—142. 144—154). These siudies are callbd "quasi 
case-referent" because in reality they are cross- 
sectional studies in which "disease" (hypertension, for 
example)ns measured simultaneously with "exposure" 
(for example, cadmium in blood). This design is prob¬ 
lematical for several reasons. First, because blood pres¬ 
sure and the blbod cadmium level are measured simul¬ 
taneously, it is not possible to exclude the possibility 
that the direction of causation is reversed, le, that per¬ 
sons withi hypertension have an increased content of 
cadmiumtn their blood due to metabolic changes. This 
possibility has, in fact, been mentioned by several: 
authors, and one study directly concluded that hyper¬ 
tension increases the blood cadmium level (141), Sec¬ 
ond, in most studies the selection of both cases and 
referents has been described very superficially or not 
at all. Since selection is of paramount importance in 
case-referent studies, this is an important potential 
flaw. Third, in many studies, the researchers had 
matched for smoking habits, and this is an error as 
tobacco smoking is not a risk factor for hypertension. 
In reality, it is overmatching because an important 
source of cadmium in the body is being blocked: Con¬ 
versely, relative weight and education/social status 
have not been matched, and such matching should be 
done since both, are risk factors for hypertension. 
Fourth, comparing normotensive and hypertensive per¬ 
sons leads to dichotomy. Instead, one should rather 
Have operated with the whole spectrum of values on 
the blbod pressure scale. This problem is especially im¬ 
portant because many authors have hypothesized that 
the relationship between cadmium exposure and blood 
pressure has a reversed U shape with the largest effect 
at medium-high cadmium exposure levels. 
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Following thiycritique of methodology, and lurm 
mg back 10 the empirical studies. I found only three 
positive studies which measured the cadmium content; 
of the kidnev s nl!28.. 145. U")' These three studies are 
ot'i the "qua>n case-ref erent'* type just described and 
have >0 mans methodological errors that thev onlv 
vcored ”v” or "\\" tor methodological 'quality.. Thus 
they car be considered :o ?e of only very IntJb -.ig* 
mhcance 

Only three investigation have been found uhich,are 
not "quasi ca>e-reteren;f ‘ and'whichido not measure 
cadmium im blood. urine, or air. le. the historical 
prospective mortality study 01 "000 workers by 
Kazamris et ai 1120 — 122). the historical prospective 
mortality study of 525 workers by Andersson etaJU34. 
1351; and the various projects concerning the Shipham 
inhabitants (125 — 12"). These ihree studies scored 
**\\\“ tor methodolbeical quality, and one or them 
— the Shipham study — showed a weak positive rela¬ 
tionship between cadmium and CVD. while the two 
occupational studies showed a weak negative relitiom 
ship. 

Thus the conclusion seems dear, ie. the epidemio¬ 
logic research can m no way be considered to support 
the hypothesis of a causal relationship between cad¬ 
mium exposure and hypertension or CVD in general. 
At this point it seems reasonable to conclude that such 
a relationship does not exist. Over the past 25 years, 
although the number of studies in this field has grown 
annually,, the bodv of know ledge has not . Despite the 
last three studies mentioned, there is still a great need 
tor epidemiologically sound studies on this topic. 

Finally, tobacco smokers are moderately exposed to 
cadmium and should therefore have increased blood 
pressure. ButtHe cardiovascular epidemiology shows 
very dearly that tobacco smoking is not a risk factor 
for hypertension. This lack of relationship, which has 
been epidemioiogicalK very thoroughly investigated, 
is a further argument against the cadmium-blbod pres¬ 
sure hypothesis. 

Cobalt 

fn the mid-1960s. an epidemic of cardiomyopathies was 
registered in Belgium. Canada, and the United States 
among heav y beer drinkers. The cause of the epidem¬ 
ic was relatively quickly established. Several beer 
manufacturers had begun to add cobalt sulfate to the 
been in order to stabilize the foam (156—161). Nearly 
half the patients examined in the various studies died 
from their cardiomyopathy, it is paradoxic that the 
consumption of 6—8 mg of cobalt sulfate per day 
could have this dramatic effecu as cobalt has been used 
in medicine in much higher doses without adverse ef¬ 
fects. There seems to be agreement that the genesis of 
this unexpected adverse effect was a combination of 
cobalt exposure, long-standing high alcohol consump¬ 
tion. and poor nutritional condition. 

in the general reviews on CVD and environmental 
exposures, the cobalt-related cardiomyopathies among 


beer drinkers has been mentioned by several aurhors: 
(2. 6. 9—11), while the remaining reviews do not men¬ 
tion cobalt as a risk factor for CVD at all. In addi¬ 
tion, two case reports have been mentioned in a few 
oil the reviews, ie. those by Barborik Sc Dusek (iI62) 
and' Kennedy et al (163)i These case reports describe 
two cobalt-exposed men (4hand 48 years of age) who 
both died from cardiomyopathy. The authors sug¬ 
gested ihar cardiomyopathy caused'by cobalt exposure 
might often be neglfected and misdiagnosed. 

Ini addition, three epidemiologic investigations of 
cobali-exposed workers were found'. In 1980 and 1983; 
Aiexandersson Sc Atterhog (164. 165) published a study 
of workers in the hard metal industry who were oc¬ 
cupational!^ exposed to cobalt {exposure level 0.01 — 
0.06 mg / m , f The 146 exposed workers were compared 
to an unexposed reference group with regard to elec¬ 
trocardiography. pulse rare, and blood pressure. For, 
the cobalt-exposed workers, Aiexandersson Sc Atterhog 
<;I64) found' a higher prevalence of hypertension; a 
higher average blood pressure, and more abnormal 
electrocardiographic changes. The electrocardiographic 
changes proved to a large extent to be reversible (165). 

In an abstract from 1985. Horowitz et ai (166) 
described cardiac manifestations of cobalt exposure ini 
a group of 35 seif-referred hard metal workers. Elec¬ 
trocardiographic abnormalities were found in 16 of the 
35 workers. 

The third study is a Danish investigation of female 
porcelain workers exposed to cobalt blue dye in their 
work (167):. The median cobalt concentration tn the 
air was 0.80 When the exposed women were 

compared with an unexposed reference group, no 
differences were found with regard to electrocardio¬ 
graphic changes or blood pressure, but a higher aver¬ 
age puiSe rate was found in the exposed group. The 
authors had no explanation for this finding 

Despite these empirical studies from the 1980s, a 
need still remains for more and better investigations 
of the relationship between occupational'exposure to 
cobail and heart diseases. In light of the widespread 
use of cobalt in industry and medicine (160), it is sur¬ 
prising that most of the literature deals with a brief 
epidemic of cardiomyopathy among beer drinkers. 

Arsenic 

In the general reviews on cardiovascular diseases and 
environmental exposures, arsenic and arsenic com¬ 
pounds are mentioned in seven (1.2. 6, 9—Ilk 13) but 
not in six (3—5,,7, 8* 12). The seven reviews which 
deal with the topic include two to nine references to 
empirical! studies. In Landrigan’s special 1 review on 
health effects from arsenic exposure {168), the cardio¬ 
vascular effects were treated very briefly. 

Three epidemiologic studies of arsenic exposure and 
CVD ha'-e been found. Pinto et al (169) investigated 
mortality among 527 retired workers from a copper 
smeltery during the period 1949—1973, while Lee- 
Feldstem (170. 171) studied a cohort of more than 
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8000 men during the period 1938—19“^. Axelson et- 
al |]"2) conduced a case-referem itudv m which the 
exposed'persons were also copper smelterv workers. 
Ih allkhree studies, the exposure was arsenic inoxide. 
Ihthe two Historical prospective studies, slightly ele¬ 
vated SMR valbes were found for CVD Pmto et al 
found 3 value of 109 for IHDand 113 for stroke, white 
Lee-Feld^tein found SMR values of about 130 for I HD 
and about 1*0 tor stroke. In both studies, a compari¬ 
son was made u nh the mortality experience of the rest 
ofithe population in the area. In the study by Axelson 
ei all which is the best of the three r’vxxx*' lor 
methodological quality». an increasing relative risk for 
heart disease with increasing arsenic exposure was 
found (risk ratio 0:7, 3.0. and 5.6 for three exposure 
groups); The study by Pimo et al scored **xx*’ for 
methodologicalIquallty. while the Lee-Feldstem study, 
scored “xxx.” Thus in these three investigations, 
clearer evidence for a relationship between arsenic ex¬ 
posure and CVD was found as the quality of the studies 
increased. 

Furthermore, arsenic was part of the mixed exposure 
in Wingren &. Axelson’s case-refereni studies on mor¬ 
tality in the Swedish glassworks industry (52. 53). In 
these investigations a slight increase in CVD mortali¬ 
ty was found. 

In addition to these studies of exposed workers, there 
have been reports of a relationship between high lev¬ 
els of arsenic in drinking water and the development 
of both heart disease in children of northern Chile and 
peripheral vascular disease in adults from Taiwan (;1). 
A special “arsenic beer scandal” took place in Man¬ 
chester in 1900, when beer was accidentally contami¬ 
nated with arsenic. More than 6000 persons became 
ill and 70 died, almost all from CVD (2, 156). 

The relationship between another arsenic com¬ 
pound. arsine, and heart disease has been described 
by Pinto et al (173). This study dealt'with 113 poisoned 
mem of whom four died from acute myocardial in- 
farciion (AMI), while electrocardiographic changes 
were observed in the remainder. As far as is known, 
no epidemiologic studies have been conducted on the 
relationship between arsine exposure and CVD. 

Even if the total epidemiologic research concerning 
the relationship between exposure to arsenic com¬ 
pounds and CVD is limited, a causal relationship is 
still likely: Further research is needed to clarify the rela¬ 
tionship between the level and duration of the exposure 
and the risk for CVD. 

Carbon monoxide 

The relationship between carbon monoxide (CO) and 
CVD is dealt with m all the general!reviews on CVD 
and environmental exposures (I— 7 , 9—13) except one 
(8). In a few of these reviews (1.6, 10), the topic has 
been thoroughly treated, and many references have 
been discussed. Naturally, no disagreement exists on 
the potentially very serious consequences of acute high 
exposure to carbon monoxide, especially among per- 
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sons with existing atherosclerosis. Bui there is consider¬ 
able uncertain^ and conflicting views about the pov- 
vibie vignifiicance or carbon monoxide exposure in the 
development' of atherosclerosis. A lew reviews com 
eluded, without anv lurther documentation, that car- 
bon monoxide increases the risk of IHD (*. 12): Others 
presented a more cautious point of view , which can 
be illustrated by wav of the following three quotations 
“(CO) ma\ precipitate AMI or serious arrhythmias in' 
persons: with pre-existing coronary atherosclerosis p 
1H; * (5):. " f he question oi whether CO is atherogenic 
remains unanswered even at the basic science level ;p 
1219]*''(31, and “there is surprisingly little evidence 
for a chronic atherosclerotic effect of CO (p 219]” (11) 

Jh addition to theve general reviews, there are many 
special rev iews on the negative health effects ofi carbon 
monoxide exposure (174^-189): They contain detailed 
descriptions or the physiological mechanisms w hich re¬ 
sult from the formation; of carbovyhemoglobini in 
blood and present the results of many ammallexpen- 
ments. I!will not dtseuss these topics in the present re¬ 
view i.ratheri it should simply be stressed that the de¬ 
crease in the oxygemcarrying capacitv of the blood is 
greater than -*uggesied bv the percentage of carboxy- 
hemoglobin because of the reduced release tathe tis¬ 
sue of the oxygen carried by the remaining hemoglobin. 

The specific reviews on car bon monoxide and health 
do not agree on the rote of carbon monoxide ini the 
etiology of CVD. The most “positive” reviews are 
probably the ones by Aronow (P4. 175), Goldsmith 
& Aronow (,1"“). and'Atkins <L Baker (1*6). while 
others are skeptical (179. 182. 188): In the remaining 
reviews no clear position is taken. Among the most 
skeptical reviews. Weir & Fabiano’s critical reevalua- 
tion from 1982 (il!88) should be emphasized. The 
authors carry out an explicit and thorough discussion 
of the evidence for a causal relation between carbon 
monoxide and CVD They specify the “ .. . three ques¬ 
tions that best define the current areas of controversy: 
(i) Does chronic exposure to CO influence the develop¬ 
ment of atherosclerosis 7 (ii) By what mechanism does 
acute exposure to CO reduce maximaJIcxercise ability 
mi healthy persons and in persons with pre-existing 
CVD? fiii) Does acute CO exposure predispose in¬ 
dividuals to cardiac arrhythmias? (p 5201.” In the 
evaluation of the empirical evidence for a causal rela¬ 
tionship between carbon monoxide and CVD, it is im¬ 
portant to keep these three questions separate, and l 
have attempted to do so in the follow'ing discussion. 

For the present review, 22 empirical studies have 
been selected. Of them, most deal with persons who 
have been exposed to carbon monoxide occupation- 
ally, such as firemen, policemen, toll booth operators, 
garage personnel, motor vehicle examiners, bridge and 
tunnel officers, foundry workers, and blast furnace 
workers (190—210). (Reference 205 has been classi¬ 
fied as two studies.) 

Four of the empirical studies are not epidemiologic 
in 11 he strict sense, but rather experimental (190—193). 
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fn These Tour studies. which are \cm similar. 10 men 
with aneina pectort< were exposed to dirierent concen* 
tra'.ioiv of wjrbon monoxide, and the duration of ex¬ 
ercise before the on<e:;oi pairriv^ registered All four 
instigation' tound that The time before the onset ot 
pain wav .tcrnt scant !y shorter a tier exposure to car¬ 
bon monoxide ever; w hen the carboxv hemoglobin Ifcvel 
wa< onh about' I r .i higher in the exposed' situation 
than in the comroli situation 1 193i. 

These result' could ha\e been expected because the 
angina patients already had IHD Nevertheless, these 
experiments stress how dangerous an increased car- 
boxxhemoglbbin ievel canibe tor this group of patients. 
As the prevalence ot IHD is high in the population, 
and as exposure to carbon monoxide is common — 
predominantly through smoking and exposure to the 
exhaust fumes from,cars — this is a frequently occur¬ 
ring risk situation. 

Two studies comparing the daily incidence of death 
from IHD with:the level of carbon monoxide in the 
air cambe said to elucidate the same complex of prob¬ 
lems <195. _05> in one. the expected relationship was 
found between carbon monoxide levels and fatality 
from IHD. while the same relationship could not be 
shown in the other. Both studies had a low methodo¬ 
logical quality. 

While the aforementioned studies provide evidence 
of the influence of acute exposure to carbon monox¬ 
ide on persons with ischemic heart disease, the remain¬ 
ing studies have tried to elucidate the role of carbon 
monoxide for the development of atherosclerosis. Ta* 
ble 3 contains a survey of these 16 studies. Table 3 ill 
lustrates the following two points: (i) most empirical 
studies on this topic hav e a tow methodological quali¬ 
ty c*x” or ■*xx").,and nil there is no relationship be¬ 
tween study quality and study outcome, since half of 
the poor studies (* V or “xx”) and half of the better 
studies (“xxx“ or “xxxx") have a positive study out¬ 
come [ - or ( * )]. 

The bes; support for the hypothesis of a relation be¬ 
tween chronic carbon monoxide exposure and the de¬ 
velopment of:atherosclerosis comes from three posi¬ 
tive studieswith -xxx** or “xx.x.x” for quality (201, 
208. 209). A closer examination shows, however, that 
not even these studies support the hypothesis very 
clearly. The cross-sectional: study by Hernberg et a] 
(201 Ton angina pectoris, electrocardiographic findings, 
and blood pressure among foundry workers found a 
relationship between carbon monoxide exposure and 
angina pectoris but not between carbon monoxide and 
-ecirocardiographic findings indicating IHD. Further¬ 
more. slightly higher blood pressure was found among 
the persons exposed to carbon monoxide, but this 
finding could have possibly resulted from exposure to 
heat radiation. Altogether only the relationship be¬ 
tween carbon monoxide and the prevalence of angina 
pectoris was convincing, and this relationship does not 
necessarily support the hypothesis of a lasting effect 
of carbon monoxide. 


The older ofi the two studies by Stern et al (208) 
found an SMR of 105 for C\ D among motor vehicle 
examiners Cibser analyses, showed that the excess 
deaths occurred among examiners ujrhizero to nine 
years of exposure (SMR for CVD'123 )i There was no 
increase m mortality among the examiners with longer 
exposure. 

The more recent> of the lnveviigarions by Stern et al 
(209). which concerned bridge and 1 tunnel!officers in 
New York City, is probably the best epidemiologic 
study of carbon monoxide and O D even published. 
The study showed'significant! v higher IHD mortality 
among the heavily exposed tunnellofficers: than among 
the bridge officers-, who had ; a low level ot exposure. 
However, there was no relationship to the duration of 
the exposure, and the excess mortality among the tun¬ 
nel officers disappeared in the course of a few years 
after the cessation of! exposure. This pattern closely 
resembles that seen in studies oftobacco smokers. in 
which the increased risk for IHD disappears relative¬ 
ly quickly after the cessation of exposure. This pat¬ 
tern does not fit the hypothesis of a lasting 
atherosclerotic effect of carbon monoxide exposure. 

In light of the many studies on tobacco smoking and 
CYD. it is surprising that it is still not known why 
smoking increases the risk for CVD..A cross-sectional 1 
studv by Waid et al (210) is often quoted to show that 
carbon:monoxide increases the risk for atherosclero¬ 
sis.but a later — and methodologically better — case- 
referent study by, Kaufman et al (203) shows that the 
carbon monoxide content of cigarette smoke is un¬ 
related to the risk of IHD among smokers. 

All things considered, there is thus very little — if: 
anything — in the empirical studies referred to which 
supports the carbon monoxide-atherosclerosis hypoth¬ 
esis. In the literature, the animal experiments by the 
Astrup-Kjeldsen group have plkyed a large role, as 
these experiments apparently showed increased 1 
atherosclerosis in rabbits exposed to carbon monox¬ 
ide. However, the group published a reevaluation in 
1978. In these new investigations (21 U, they were not 
able to confirm the original findings, probably due to 
the fact that the original studies were carried out with 
small sample sizes and were not blinded. Several 

Tab** 3 Afsuits of 16 «pia»m>otogic siudia* ot caroiovaacu- 

O'seases iCvDi anc carbon monoxioe exoosurt according 
to tn* rnemocoiOB'C* 1 Quality ot rh* stud»#s Tr>t tabic t* Dasad 
or reference* 19a 196 — 210 
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reviews'. unfortunately. appear not to have been aware 
of (his revaluation. 

Regarding the first of Weir & Fabiano's three ques¬ 
tions. quoted on page 250, the follow mg conclusions 
cambe drawm (i) there is no relationship between study 
quality and support lor the hypothesis- (li).very feu 
studies are or high methodological quality, and these 
s;udie> int aifnost no support for the hypothesis; and 
(in) the research'.group behind the animal experiments 
most; often quoied in support: of [he hypothesis has 
withdrawn its results m view of established flaws in 
study design. There!ore. one can only concur with the 
conclusion of Weir & Fabiano “that there is no ev if 
dence to support the suggestion that exposure to low 
to moderate levels of CO increases the rate of the de¬ 
velopment of atherosclerotic disease in:man. We be¬ 
lieve that sufficient evidence is available to-support the 
conciusiomthat. in fact. CO is not of pathogenic con¬ 
sequence in atherosclerotic disease (p 523JT* <186) 

Concerning the second of the three questions menr 
tioned. W eir& Fabiano’s conclusion also seems well- 
founded': “Acute exposure to low levels of CO does 
result in reversible, nonprogresstve. exercise perfor¬ 
mance decrements in healthy and diseased individu¬ 
als [p 523F (188). 

in the present review, l have not examined studies 
on carbon monoxide exposure and cardiac rhythm. 
Therefore. J refer the reader again to Weir & Fabiano, 
who concluded: “In summary, exposure to CO at< 
acutely toxic levels results in. alterations of cardiac 
rhythm, probably as a result'of the induced hypoxia. 
There is no convincing evidence available to suggest 
that exposure to low to moderate levels ofiCO affects 
cardiac rhythm [p 523)1’ (188). 

Even if these conclusions on carbon monoxide and 
CVD seem well-founded, there is still a need for fur¬ 
ther — and better — research in this field, in the 
epidemiologic area, there is specifically a need for the 
following: (i) prospective studies in which both the exr 
posure and the development of the disease can be fol¬ 
lowed (none of the existing studies have been prospec¬ 
tive),and (ji) studies in which carbon monoxide is not 


ani integrated pant of a mixed exposure, which a the 
case wiih cigarette smoke, exhaust' fumes, etc 

Passive smoking 

Passive smoking has not been mentioned in a any of 
the general reviews on CVD ancFenvironmental ex¬ 
posures. partly due to the fact that almost ail research 
on passive smoking and chronic diseases— including 
lung cancer and CVD — has been conducted dunnc 
the !980s 

Most ofi the literature on passive smoking and CVD 
has. on the other hand, been reviewed in three thor¬ 
ough reviews on the health effects of passive smok¬ 
ing, le, the Surgeon General’s report (212). the report 
from the National Research Council I (2311 — both 
from 1986 — and Fielding & Phenow's review from 
1988 (214). These reviews;allIconclude that further re¬ 
search on CVD and passive smoking is needed. 

The most important information concerning the 
studies which have been published currently on 1HD 
and passive smoking is shown in table 4 These studies 
have all been published during the period 1983—1988 
and are all based on a comparison of the incidence of 
1HD in nonsmokers marned to smokers and nonsmok¬ 
ers married to nonsmokers. Five of the studies 
(215—220):are prospective cohort studies, while the 
last'one (221) is a case-referent study. 

As shown in table 4, the **• .ies yielded'nine esti¬ 
mates of relative risk. These esi,mates varied from 0.93 
to 3.25 with an accumulation of values in the area of 
1.24 to 1.3!. The median relative risk for all the studies 
was about 1.3, and it is also approximately 1.3 when 
only the better studies {“xx.x" or “xxxx" for quality) 
are considered!separated. Only few ofi these relative 
risk valbes are significantly different from 1.0 when 
they are regarded individually. However, ( ami inithis 
paper, more interested in the total pattern that appears 
when the studies are viewed as a whole. 

A relative risk of l .3 for passive smoking seems high 
in relation to the relative risk of about 2.0 oflenmem 
tioned for active smoking. When comparing the two 


Table 4. Review of the epidemiologic studies on isentrrue mean disease HHDi and passive smo*mQ 


Study 

Study design 

Population 

Study 

Quality 4 

RR 

for fMD 8 

Hirtyama (215 216) 

16-year follow-up 

9i *50 women 

XX 

1l2* 

G < iHs et aiitfiT) 

6- to ri-year fofiow uP 

827 men 

1 917 women 

XX 

1.29 

3 25 

Garland el aii(2i8) 

10-yaar follow-up 

695 women 

XXXX 

2 7 

Svencsen et a> (2191 

10-yaar toHOw-up 

i 2*5 men; 

xxxx 

1 61 

Heismg et at (220) 

12-year follOw-up 

* 162 men 
i* 873 women 

XIX 

T 31 

1.24 

Lae et at (221) 

Case-referent study of patients 

*i male IHD patients 
and 133 ref#r»nts 

77 female ihD patients 
and 318 referents 

xxx 

1 2* 

093 


• The crilena lor methodological Quality are explained m me text 

* Relative ns* for IHD among nonsmoKars married to tmoxers comparec to nonsmoxer* married to nonsmofctrs 
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values, one should keep m rmnd the lolloping three 
tacts: mthe relative nsk lor active smokers is usuallv 
calculated with nonsmokers .a* the reference group, 
sin^e nonsmokers are almost.always passive smokers. 
and ; not really unesposed. too low a relative risk is 
welded :or acm e smoking. <uKe\era\.studies indicate 
that: the marginal effect per cigarette on:the risk for, 
I'HD is highest a; a low levehof consumption and is 
thus not linear (212): and tun:mainstream and side¬ 
stream vmoke contain almost the same components, 
but not in the >ame proportions. One does not know 
why cigarette smoking increases the risk tor IHD; 
therefore, it is difficult:to extrapolate directly from ac¬ 
tive to passive smoking. 

In evaluating todav whether there is an increased risk 
for IHD among passive smokers, the biggest problem 
is not the statistical uncertainty or other methodolog¬ 
ical difficulties. In fact, the studies in table 4 are of 
rather high quaiitv compared with the other research 
referred to in this article. The greatest problem must 
be assumed to be a possible publication bias, as it can. 
with some justification, be claimed that negative 
studies were of no interest until a number of positive 
studies were recently published. Therefore, more 
methodologically good studies of IHD and passive 
smoking need to be carried out and to be published 
regardless of the result. 

In addition to the aforementioned studies of IHD 
and passive smoking, there are several investigations 
addressing the time lag before the onset of pain in an¬ 
gina pectoris patients exposed to passive smoking or 
carbon monoxide. These investigations have been re¬ 
ferred 10 in the section on carbon monoxide since the 
increased Ifcvcl or carboxyhemogiobm is very proba¬ 
bly the factor which provokes the earlier onset of an¬ 
gina; Finally, an abstract was published in 1987 by 
Moskow nz eral 1(223 >. it claims that passive smoking 
increases the risk of IHD among pubertal boys. 

Even if more studies on passive smoking and IHD 
are still needed, it is now reasonable to conclude that 
the studies published have a high methodological quail* 
iiy, thai the results are relatively consistent (relative 
risk for IHD about 1.3), and that a small, but increased 
risk for IHD is biologically plausible. 

Organic sohenrs 

A few of the general reviews treat organic solvents 
thoroughly (1, 2. 6. JO); Others treat the topic more 
superficially (3, 7, 9. 11. 13). and some do not men¬ 
tion it at all'(4. 5. 8, 12) In those reviews in which 
the topic is dealt with; most of the emphasis is placed 
on the halogenaied hydrocarbons (perchloroethylene, 
trichlbroethane, trichloroethylene, fluorocarbons, 
methylene chloride, and other solvents containing chlo¬ 
rine. fluorine, bromine or iodine); Most of the studies 
mentioned have covered acute heavy exposures result¬ 
ing in arrhythmia or sudden death. 

Cardiovascular effects of exposure to organic sol¬ 
vents have also been treated in several special reviews 


(224—22")- Remhard; et al (225) concluded that the 
sudden deaths m connection with acute heavy exposure 
to solvents were due to ventricular fibnliatiomdue to: 
sensitization of the hean to eptnephnne The review 
by Reinhardt eral also included a survey in which the 
solvents were evaluated according to cardiac sensiti¬ 
zation properties. The most active group contained: 
benzene, hep lane, ch io reform i and trichlbroerhylene. 
Steffey's review (226) of the cardiovascular effects of 
inhaling anesthetics is very thorough, listing 201 refer¬ 
ences. In addition, the review by Zakhari <1 Aviado 
(22"i on the cardiovascular toxicologv of haioeenated 
hvdrocarbons is both thorough and comprehensive 
(218 references and a very useful appendix with chem¬ 
ical formulas and properties). 

The empirical basis for the aforementioned rev lews 
consists primarily of animal experiments, which I have 
not discussed in this review, several case reports, and ; 
a few epidemiologic studies 

There are two types of case reports. They deal with 
exposure to very high levels ofi solvents either m con¬ 
nection with glue sniffing or iniconnection with oc¬ 
cupational exposure. Glue sniffing has primarily been 
practiced by teenagers (224: 228—232), and many sud¬ 
den deaths have been reported in both the United States 
and the United kingdom, although a clear under¬ 
reporting is likely since no anatomical changes can be 
observed in deceased persons. In some of the cases 
described, the strongly affected young •‘sniffer’* stood 
up, started running, and then dropped dead (228). 

The occupational case reports deal 1 with workers 
who. in most instances, have been exposed to very high 
levels ofi solvents (231, 233—237). Most of the case 
reports concern the sudden death: of healthy men 
20—50 years of age after exposure to chlorinated sol¬ 
vents. but also after exposure to benzene (234) and 
methyl-cellulose paint (233). These case reports have 
many features in common, and several of the authors 
suggest that underreporting probably takes place with 
respect to this type of exposure also. 

In addition to the case reports mentioned, five 
epidemiologic studies Have been found (238—242). 
They were published during the period 1975—1988, 
and there is no indication of increasing research ac¬ 
tivity in this area despite the increased interest in or¬ 
ganic solvents. The methodological quality score for 
these studies is medium (“xx” to *‘xxxx'*). 

Speizer et al (238) studied the residents in a hospi^ 
tat patholbgy department who were exposed to fluoro¬ 
carbon aerosols during the processing of cryostat sec¬ 
tions and used radiology department employees as the 
reference group. They found a much higher prevalence 
of palpitation among the pathology residents and also 
a dose-response relationship between exposure to 
fluorocarbon 22 and the prevalence of palpitation. 
Moreover, resting electrocardiograms and 24-h elec¬ 
trocardiographic monitoring indicated premature atria! 
contractions, paroxysmal atrial fibrillation, and an in- 
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crease in premature ventricular beats. These results 
were unexpected :n a group of' young, healthy adults 

Kramer e: ai 1 23.9> examined 15.1 industrial workers 
who had been exposed to l.l.l-mchloroethane and 151 
matched reterentv There was no difference with re¬ 
gard to electrocardiography, bibod pressure, or serum; 
cholesterol' Most of the persons examined were 
women, and most were below 35 years of age. 

Blair et al (240) examined the distribution of causes 
of aeath among ?30 deceased dry cleaning workers ex¬ 
posed to tetrachloroethvlene. For C\ D; a proportion- 
ate mortality ratio of '9 was foundl significantly less 
than the ••expected" value of TOO The proportionate 
mortality ratio has well known limitations, and this 
negative study only scored “w” for study quality. 

In the historical prospective study by Wilcosky & 
Tyroler (241). the mortality of 1284 workers exposed 
to severalidifferentisolvents was analyzed. An excess 
frequenev oi deaths from IHD was found among 
workers who had been exposed to carbon disulfide, 
ethanoll and phenol. 

Finally. Eskenazne: al (C42) studied the prevalence 
of adverse pregnancy complications among 90 women 
exposed to organic solvents and 180 unexposed 
matched referents. They found a significantly higher 
proportion of women with preeciampsia (a disorder 
of pregnancy characterized by hypertension. edema, 
and proteinuria) and hypertension among the exposed 
women. 

These epidemiologic studies are very different with 
regard to exposures, study design, and study end 
points. Therefore it is not possible to draw any con¬ 
clusions on the basis of these investigations. No studies 
of occupationai mortality have found increased CVD 
mortality among painters or other groups exposed to 
organic solvents. It is. therefore, not very likely that 
organic solvent exposure at moderate levels increases 
the risk for CVD. 

Carbon disulfide 

Carbon disulfide has been mentioned and recognized 
as a risk factor for IHD in virtually all reviews of CVD 
and environmental exposures published during ihe last 
20 years. As will become apparent, this unique scien¬ 
tific consensus is primarily due to the Finnish study 
of viscose rayon workers, which was conducted by 
Hernberg. Nurminen, Tolonem and their co-workers 

The first researchers to call attention to the relation¬ 
ship between carbon disulfide and IHD were Tiller et 
at. who in 1968 published their study of mortality 
among viscose rayon workers exposed to carbon dis¬ 
ulfide (243). It actually consisted of two studies, one 
of the proportion of IHD deaths among workers from 
three factories, and the other a historical prospective 
mortality study of a cohort from one of the factories. 
Both studies showed a positive relationship between 
carbon disulfide exposure and IHD mortality. 

The results from the study on Finnish viscose rayon 
workers have been published in many articles during 
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a 15-year period <244—;<3h Furthermore, the >tud'v 
has been used as a pedagogicallexample inione of the 
few textbooks on the epidemiology of occupational' 
medicine (254} The studv was a 15-year: follbw.-up of 
two cohorts wnh 343 men m each: The study cohort 
was exposed To carbon disulfide in a viscose factory, 
but otherwise resembled the reference cohort, which 
worked at another factory in. the same town. Alien 
aboun five vears of follow-up. a relative risk of 5.6 for 
coronarv deaths v\ as determined for the exposed group 
This finding resulted in several different interventions 
to reduce both the carbon disulfide level and the ex¬ 
posure of the individual workers in the viscose tactory 
Eight y ears after this intervention the relative risk wa> 
approximately one (248). 

This exemplary epidemiologic studv was scored 
“xxxxx" for quality. It is a prospective study over 15 
years withgood confounder control, reasonable know I- 
edge of past and present exposure. man\ relevant study 
end points, a good, clear and understandable analy¬ 
sis. and intervention (reduced exposure! that was folk 
lowed by the expected reduction tn the disease studied: 
The study demonstrates that it is possible to convince 
the scientific community of a causallrelationship via 
a “small*’ study of 2 x 343 persons if one has well 
selected study groups, a good analysis, and'a lot of 
patience. 

The relationship between carbon disulfide and IHD 
has been confirmed during the 1980s in American 
studies (255. 256). of which the latest (256Tis the largest 
ever undertaken, the cohort studied comprising more 
than 10 000 workers. 

Since the causal relationship between carbon disul¬ 
fide and IHD is. with good reason, generally accepted: 
there is no reason to go into more detail. References 
to additional studies on this subject can be found in 
the very exhaustive reviews which have been published 
(257—261). 

Sttroglycerin and ethylene glycol din it rate 
(nitroglycol) 

The relationship between heart disease and 1 aliphatic 
nitrates is mentioned in virtually al! reviews on CVD 
and environmental exposures, and it is one of the few 
relationships which all authors regard as definitively 
demonstrated. Nitroglycerin has been used both in the 
medical industry and for the production of dynamite 
since the middle of the last century. Ethylene glycol 
dinitrate has been used together with nitroglycerin for 
dynamite production since the 1930s, as ethylene glycol' 
dinitrate improves the quality of the product and is 
cheaper. However, ethylene glycol dinitrace is far more 
toxic and more volatile than nitroglycerin. 

The first studies of the relationship between nitro- 
glycerin/ethylene glycol dinitrate and heart disease 
were published in Germany and Italy in the 1950s (262, 
263): They were case descriptions of the phenomenon 
which has later beemcalled “Monday morning angii 
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na" or"Mondav morning dcathi’* Tht nontatal cases 
are attack' ■ « hi eh ^e 'em Me angina pectoris, but which 
are not;provoked h> evercue or psychic arousal. The 
attack* oc.ur !'•? d' a tier exposure to nitroglycerin 
ethylene er-^oi Jmiirace ,;a'tfv. jnJ 1 consequently the 
Jfc'u’nai'ion "m: rate-withdrawal 'vmpiom'" haj been 
U'eJ Thi* e\pre*'ion et' var:ou' conditions, such 
a* angina, coronary 'pa'tr...myocardial mtarcuon. ar- 
rtnihmia. and ujJden death, ini tho>e instances in 
which autop'> u i a* performed. normal coronary ar- 
terie* were round 

Simiiar cave report* have been published in other 
count nev (264—266). and Morion > comprehensive re¬ 
view from 19“‘ (26*1 contains an excellent review of 1 
the literature concerning withdrawal hazards related 
to occupational habituation to aliphatic nitrates (74 
references lilt appears from Mortons review that, dur¬ 
ing the period 1952—19*5. articles were published 
about Monday mormne anacks m Germany. Italy. Ja¬ 
pan. France. Sweden, Czechoslovakia, the Soviet 
Lmon. and the tnued States. It appears furthermore 
that the first American description was not Carmichael 
& Ltebeni article from 1963 (2641, as formerly be¬ 
lieved, but an article from 1W3'by. Foulger (268): Foul- 
eer’s article on '‘exposure to toxic chemicals” did not: 
mention, however, that u concerned nitroglycerin/ 
ethylene givcoli dinitrate. [See. in addition, the cor¬ 
respondence between Fouiger, and Morton (269) and 
Morton s article omthe ethical problems of conceal¬ 
ing medical knowledge within occupational medicine 
(2~0)h 

Half a year alter Morton's review. Hogstedt & 
A\elsoni(2*i I introduced a new era in this research by 
publishing the first truly epidemiologic study, it was 
a case-referent study which, was later supplemented 
with a prospective study (272) and with hygienic mea¬ 
surements (273). which together with two additional 
articles formed part of Hoastedt's thesis {274}: In these 
works of high epidemiologic quality, it is documented 
•n a convincing way that exposure to nitroglycerin/ 
ethylene glycol dinitrate not only causes symptoms, dis¬ 
eases, and deaths due to nitrate withdrawal, bur also 
raises the risk for CVD many years after the cessation 
of exposure. 

Hogstedt s results have been confirmed during the 
1980s by two other investigations (275. 276)i both of 
which are historical 1 prospective studies, in these 
studies, more CVD deaths were found than expected 
among the exposed 1 workers despite preemplbyment 
screening and/or medical monitoring of the employees. 

Thus it is now clbar that nitroglycerin and, especial¬ 
ly, ethylene glycol dinitrate increase the nsk for CVD 
ini rhe following two ways: partly via the specific 
“Monday morning attacks 4 * due to nitrate withdraw- 
al and partly via an increased risk for CVD which per¬ 
sists long after the cessation of exposure. This double 
effect is described in a few of the reviews, such as 
Fine's (:11 and Kurppa et al 4 s <6), whilb reviews on the 
topic were still being published during the 1980s which 


only or almost exclusively describe nitrate withdrawal! 
and "Monday morning attacks” (2. 3. 5. 27"): 

Other chemical substances and compounds 
This section briefly rev lews various studies concerning 
CVD and other chemical substances — areas in which 
onlv a few studies have been conducted or in which 
several "competing” exposures occur in the same 
study 

Dmttrotoluene In 1986. Levine et al (2*8) published 
a historical prospective studv of workers in two fac¬ 
tories mi which the employees had been exposed to 
dtnurotoluene (278). As in so many other instances, 
it w as a suspicion of carcinogenicity which motiv ated 
the study, but no increased incidence of cancer was 
found among these workers. However, an increased' 
incidence or IHDfSMR 141 ) appeared when the data 
fromiboth factories were combined, with a relation¬ 
ship between the duration and the intensity of the ex¬ 
posure and the incidence of IHD According to the 
authors, on Ik very few of the workers had been ex¬ 
posed to nitroglycerin or ethylene glycol dinitrate. 

Or^anophosphates Two cross-sectional studies — one 
Danish (279) and one Indian (280) — have shown an 
increased prevalence of "ischemic” electrocardio¬ 
graphic changes among workers exposed to or- 
ganophosphates. The Indian study included 155 ex¬ 
posed persons and 60 referents, while the Danish in¬ 
vestigation included 446 workers, of whom 114 were 
classified as heavily exposed. In the Danish study, the 
higher prevalence of electrocardiographic changes 
among the heavily exposed individuals remained after 
control for age and smoking. 

Antimony trisulfide. In the work by Brieger el ai from 
1954 (281). a factory was mentioned in which 125 men 
were exposed to antimony trisulfide for eight months 
to two years. During this period, eight of the workers 
died suddenly. Two of the deaths were due to chronic 
heart disease. Four of the deceased were under 45 years 
of age. Because of this finding, the workers were ex¬ 
amined, and electrocardiographic changes were found 
in 37 of the 75 examined. A review of the literature 
on animal experiments with antimony trisulfide seemed 
to show that the substance is cardtotoxic. At the fac¬ 
tory studied, the use of antimony trisulfide was 
stopped, and no further sudden deaths were observed. 
In 12 of 56 reexamined workers, the observed elec¬ 
trocardiographic changes persisted. No other studies 
on antimony trisulfide were found m the literature. 

Beryllium. In a historical prospective study by 
Wagoner et a! (282). mortality was investigated in a 
cohort of 3055 workers who Had been exposed to be¬ 
ryllium. Despite an assumed healthy worker effect, an 
SMR of 113 (P c 0.05) was found for heart disease in 
comparison with the mortality of American white 
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males. The highest value (SMR 129) was recorded for 
those exposed for at least five years. 

Polycyclic aromatic compounds, in a case-referent 
study (283) of 6000 men employed by a primary alu¬ 
minum smeltery. there were 306 new cases of 1HD dur¬ 
ing the period 1975—1983 The persons concerned 
were compared with 5^5 matched referents. Among 
the biue-collir workers, a relative risk for IHD of 2,1 
was found. The risk was particularly elevated among 
workers employed in the reduction divisions. These 
workers had a relative risk of 1.7 for IHD when com¬ 
pared with the remaining blue-collar workers Unforr 
tunately. the referents were matched for duration of 
employment, and this type of matching prevented the 
researchers from uncovering a possible relationship 
with the duration of the exposure. 

Both a Danish (284) and a Swedish (285) mortality- 
study of chimney sweeps found an excess frequency 
of IHD. The Danish study cohort consisted of 713 
chimney sweeps, and the SMR for IHD was 222 when 
employed men were used as the reference. The Swed¬ 
ish, study cohort consisted of more than 5000 chim¬ 
ney sweeps, and the SMR for IHD was found to be 
J35 when all Swedish men were used as the reference 
group. In both instances, the excess was significant at 
the 5 ■V level. 

In a historical prospective study of gas workers, 
Gustavsson & ReuterwaU (286) found excess mortali¬ 
ty due to IHD (SMR 125) and stroke (SMR 152): In 
this study, occupationally active persons in Stockholm 
were used as the reference group. Due to the small 
numbers, these results were not statistically significant. 

Common for aluminum reduction workers, chim¬ 
ney sweeps, and gas workers is that they are exposed 
to combustion products. According to several authors 
(6, 284. 286). it can be hypothesized that polycyclic 
aromatic hydrocarbons or other polycyclic aromatic 
compounds are not only carcinogenic, but also increase 
the risk for IHD: This assumption is in accordance with 
the monoclonal hypothesis of atherosclerosis proposed 
by Bendirt & Benditt (287); according to which 
atherosclerotic lesions might be derived from the 
proliferation of a single cell and could be considered 
to be benign tumors. The excess frequency of both 
IHD and lung cancer among Danish cooks and bakers 
(288) in the national Danish mortality study further 
supports this theory, as it must be assumed that many 
working in these trades are exposed to polycyclic arc* 
matic hydrocarbons. 


Concluding remarks 

During my collection of the material for this review 
of the literature. I found no additional studies that 
could be judged as sufficiently relevant for inclusion. 
Since, of course, the judgment of which studies are 
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to be regarded as relevant is inevitably subjective, the 
reader may wish to supplement this review with other 
comprehensive ones dealing with CVD and chemical 
exposure (1. 2, 5, 6, 9, !0). 

In a recently published article (283) concerning 
chemical exposures at work and the risk for IHD. the 
authors wrote: “Several persona! risk factors are 
known to contribute to the development of IHD. but 
the effects of adverse working conditions have re¬ 
mained almost unexplored [p 659]” (283). This is a very 
widespread conception, but both the present review- of 
the literature concerning chemical occupational fac¬ 
tors and CVD and the previous article concerning non- 
chemical factors (14) have shown that the conception 
is not completely correa. Hundreds of studies, in fact, 
have been carried out in this field, and. in several areas, 
knowledge today is considerable. 

The present review has, inisome areas, confirmed 
other reviews of the literature, while in others the con¬ 
clusions reached are contrary to the curnenrview. For 
carbon disulfide and nilrogiycenn/ethylene glycol dmi- 
trate. the general opinion is confirmed 1 . Ih these areas, 
studies have been conducted which have convinced vir¬ 
tually everybody about the causal relationship between 
these substances and CVD: It should be emphasized' 
that what has convinced the scientific community is 
not the number of studies — as a matter of fact, there 
are very few — but the high methodological quality 
of the studies. 

For lead and passive smoking, this review concludes 
more positively than others. The research concerning 
lead and CVD is very old, but not until recently has 
it'been “discovered” in earnest. This phenomenon is,, 
to a large extent, due to the remarkable results con¬ 
cerning low-level! lead exposure and blood pressure 
from the National Health and Nutrition Examination 
Survey II, which were published in highly esteemed 
journals (70. 72). The research concerning passive 
smoking is new, and there are still relatively few 
studies, but they have a high quality and the results 
are consistent. 

In other areas, the conclusions are more negative 
than usual] espeaally for cadmium and carbon monox¬ 
ide. The research concerning cadmium and CVD is 
generally of poor quality, but the few good studies, 
together with the faa that tobacco smoking is not a 
risk factor for hypertension, makes it reasonable to 
conclude that cadmium is not a CVD risk factor. For 
carbon monoxide, the situation is more complicated, 
since ihere might be acute, short-term, and long-term 
effects. li is concluded that there are acute effects and 
possibly short-term, reversible effects, but that carbon 
monoxide does not increase the risk for atherosclero¬ 
sis tn occupationally exposed individuals. 

In table 5, an attempt has been made to classify the 
possible cardiovascular risk factors which have been 
reviewed in this and the previous article. The basis for 
this classification is the view that empirical relation¬ 
ships are not “proved” once and for all. Hypotheses 
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are confirmed or-invalidated through the collective and 
cumulative work which researchers carry out. andsys¬ 
tematic critical reviews of the literature constitute an 
ever more important pan of this process. 

Sev eral of the factors mentioned under “very defi¬ 
nite" and “quite definite" in table 5 art widespread 
in industrialized countries This is true for physical 
inactivity at work, noise, shift work, work strain; lead. 
and : passne smoking. Even if the relative risk for CVD 
connected with ea.n of these factors is modest (from 
approximately l.J to 2:0u the total etiolocic fraction 
(attributable risk) will be considerable, and therefore 
the potential preventive benefit is great. 

Now the classic question “Is enough known to use 
this knowledge for preventive activities?’* arises, This 
ts naturallv not a scientific question but is sdlllone with 
which: researchers are often confronted and are ex¬ 
pected to be able to answer. One answer could be that 
enoughiis known about the factors which have been 
mentioned under “very definite" and “quite definite" 
in table $ to initiate prevention; There could howeveT 
be a risk: of making a mistake since one or more of 
the eight risk factors mentioned, at some pom: in the 
future, might prove not to be a risk factor for CVD. 
With respect to this possibility, the following two 
points art worth making: (i) if one chooses not to act 
until one has “100 certain evidence." one is likely 
to make mistakes which have serious consequences for 
the health and mortality of many people, and (iii the 
factors which have been mentioned in table 5 are all 
risk factors for diseases other than CVD if one or 
more should prove not to be a risk factor for CVD. 
there wouldistili be a positive effect from reducing or 
removing these factors. 

iti should be emphasized thar table 5 only includes 
factors which have been mentioned in the literature as 
possible risk factors for CVD. The absence of evidence 
about a causal relationship should; of course, never 
be confused with evidence about an absent causal rela¬ 
tionship. U should further be mentioned that the ta¬ 
ble deals with levels of exposure which occur "nor¬ 
mally” ar workplaces in Europe and North America. 

Marmot Sc Theorell (289) recently claimed that psy¬ 
chosocial strain at work is probably part of the expla¬ 
nation for the negative correlation between social class 
and CVD incidence which is seen in industrialized 
countries In their review , they emphasize Karasek’s 
job strain modell The deliberations by Marmot Sc 
Theorell are an important supplement and corrective 
to the prevailing explanations which virtually always 
have their starting point in individual risk factors. It 
should be stressed; however, that not only job strain, 
but also several of the other factors mentioned in ta¬ 
ble 5, are more widespread in the lower social classes. 
Therefore changes in the work environment might con¬ 
tribute to:the efforts to reduce the social inequities in 
morbidity and mortality which constitute an impor¬ 
tant target in the program “Health for All by the Year 


2000" of the V^orld Health Organization and in the 
health policy of many individual countries. 

Finally , some remarks on the form and content of 
literature reviews within medical research Iris true for 
most reviews that the criteria for collecting the litera¬ 
ture and for evaluating the individual studies arc nen 
ther explicit nor systematic. The most common mode 
is that the authors of the rev iew mention some posi¬ 
tive and negative studies, observe the evident lack or 
consensus, and conclude that further research is neces¬ 
sary. This kind of review does not live up to elemen¬ 
tary scientific demands and does not contribute to the 
development and clarification of research. 

One of the consequences of the steeply rising num¬ 
ber of scientific investigations all over the world is that 
researchers and other persons become ever more de¬ 
pendent onireliab.lt reviews of the existing literature. 
Therefore reviews must: try. to live up to the demands 
for validity, reliability , precision, and reproducibility 
which are tn force for rhe individual empirical studies. 
To the extent that review * do live up to these scientif¬ 
ic demands, they will be able to serve two very nobit 
purposes: (j) the clarification of future research needs 
(one must not think only of stressing the ever present 
“need for more research.*’ but of a sharper clarifica¬ 
tion of hypotheses, method and design problems, mea¬ 
surement problems, etc) and fit) to indicate those areas 
in which the evidence is so 1 “certain” that preventive 
activities ought not be postponed further, in this con¬ 
nection, it should be pointed out that some uncertainty 
must alWays be accepted, as is the case in other hu¬ 
man i and social contexts. 

As is noted in this and the previous article (14). sev¬ 
eral reviews have been published in recent years in 
which attempts have been made to live up to the men¬ 
tioned demands (5, .27, 188. 290—296). One must hope 
that development in the direction of more systematic 
reviews will continue in the years to come. 
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Passive Smoking and Heart Disease 

Epidemiology, Physiology, and Biochemistry 

Stanton A. Glantz, PhD, and William W. Parmley, MD 


T he first disease linked definitively to active 
smoking was lung cancer. It is, therefore, not 
surprising that the first disease identified as 
caused by passive smoking was also lung cancer. 1 
Before the advent of mass-marketed cigarettes, lung 
cancer was a rare disease. Because smoking is the 
primary cause of lung cancer, identification of this 
link-for both active- and passive smoking 1 —was 
relatively straightforward. This situation contrasts 
with heart disease, which has many risk factors, and 
unsurprisingly, the scientific community was longer in 
concluding that active smoking caused heart disease. 4 
Once the link between smoking and heart disease 
was established, smoking was found to kill more 
people by causing or aggravating heart disease than 
iung cancer. In fact, smoking is the most important, 
preventable cause of coronary disease. Exposure to 
environmental tobacco smoke (ETS) has now been 
linked to heart disease in nonsmokers.' 6 

Much of the evidence for this link has appeared 
since 1986, when the US Surgeon Genera! 1 and the 
National Academy of Sciences 7 reviewed the evi¬ 
dence on the health effects of ETS. Based on the 
information available then, both' reports concluded 
that the evidence linking ETS and heart disease was 
equivocal and that more research was necessary 
before any definitive statements could be made. 
These conclusions were reasonable in 1986. How¬ 
ever, in the 4 years since publication of these reports, 
considerable information on both the epidemiology 
and biological mechanisms by which ETS causes 
heart disease has accumulated! Most of the results 
presented here were published after the 1986 Sur¬ 
geon General and National Academy of Sciences 
reports. 

There are now 10 epidemiological studies on the 
relation between exposure to environmental tobacco 
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smoke in the home and the risk of heart disease 
death in the nonsmoking spouse of a smoker and five 
epidemiological studies that examine nonfatal car¬ 
diac events. All but one of these studies yielded 
relative risks or odds ratios greater than 1.0. There 
are several lines of biological evidence that make this 
association plausible. There is evidence that expo¬ 
sure to ETS reduces exercise tolerance of healthy 
individuals and people with existing coronary artery 
disease. Such reduced exercise capability is one of 
the landmarks of acute compromises to the coronary 
circulation. There is good evidence, from both hu¬ 
man and animali studies, that exposure to tobacco 
smoke, including passive smoking, increases aggrega¬ 
tion of blood platelets. Such increases in platelet 
aggregation are an important step in the genesis of 
atherosclerosis. In addition, increasing platelet ag¬ 
gregation contributes to risk of coronary thrombosis, 
a cause of acute myocardial infarction. Last, carcino¬ 
genic agents in ETS, including benzo(a)pyrene, have 
been shown to injure the endothelial cells that line 
arteries. Such injuries are the first step in the dcvelr 
opment of atherosclerosis. Thus, exposure to ETS 
can contribute to short- and long-term insults to the 
coronary circulation and the heart. It is not surpris¬ 
ing, therefore, that epidemiological studies have 
identified an increase in the risk of coronary artery 
disease in nonsmokers living with smokers. 

Effects of Primary Smoking 
Before reviewing the evidence linking ETS with 
coronary artery disease, summarizing the evidence 
that links active smoking with coronary artery disease 
is worthwhile. This evidence was summarized in the 
1983 Surgeon General's Report, 4 which was devoted 
entirely to cardiovascular disease; it concluded that 
cigarette smoking is one of the three major indepen¬ 
dent heart disease risk factors. It also concluded that 
the magnitude of the risk associated with cigarette 
smoking is similar to that associated with the other 
two major heart disease risk factors, hypertension 
and hypercholesterolemia; however, because ciga¬ 
rette smoking is present in a larger percentage of the 
US population than either hypertension or hypercho¬ 
lesterolemia, cigarette smoking ranks as the largest 
preventable cause of heart disease in the United 
States. Since 1983 4 an increasing body of evidence 
has shown that the polycyclic aromatic hydrocarbons 
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Table 1. Eptdemiok>t»c»l Studies of Eavi nw e n til Tobacco Smoke and Coronary Heart Disease Death 


Author 

Type 

Location 

Deaths 
or cases 

(") 

Relative 

risk 

95% 

Confidence 

interval 

Dose- 

response'’ 

Powert 

(%) 

Controlling for 

Males 

Gillis ei al" (1984) 

P 

Scotland 

32 

13 

0.7-26 


5 

A*e 

Let et af* (1986) 

c 

United Kingdom 

41 

1 2 

03-26 

- 

4 

Age, marital status 

Svendscn cl •l«' (1987)t 

p 

United States 

13 

2.1 

0.7-63 

Yes 

3 

Age, Wood pressure. 

Melting et •!“ (1988) 

p 

Maryland 

370 

13 

1.1-1.6 

No 

40 

serum cholesterol, 
weight, education 
akjohol 

Age, marital status. 

Pootedj 

Females 

Hirayuna 1 ? (1984) 

p 

Japan 

494 

13 

U 

1.1-1.6 

0.9-1.4 

Yes 

40 

housing, education 

Age, diet 

Gillis et al" (1984) 

p 

Scotland 

21 

3.6 

0.9-13.8 

- 

2 

Age 

Garland et •!*> (1985) 

p 

California 

119 

2.7 

0.9-13.6 

- 

2 

Age, Wood pressure. 

Lee et al** (1986) 

c 

United Kingdom 

77 

0.9 

03-1.6 


6 

plasma cholesterol, 
weight, years of 
marriage 

Age, marital status 

Helsing et al" (1988) 

p 

Maryland 

988 

1.2 

1.1-1-4 

Yes 

2 

Age. housing, marital 1 

He (1989)" 

c 

China 

34 

13 

13-1.8 

Yes 

3 

status, education 

Age, race, residence. 

Humble et a!" (1990) 

p 

Georgia 

76 

1:6 

1.0^26 

Yes 

8 

occupation, 
hypertension, family 
history of Hypertension 
or CHD, alcohol, 
exercise, hyperlipidemia 

Age, serum cholesterol, 

Butler* 4 (1990) 

p 

California 

64 

1.4 

03-3.8 


4 

blood pressure, weight 
Age 

Pooled 

Both sexes combined 

Hole ei al" (!989) | 

p 

Scotland 

84 

13 

2.0 

13-1.4 

13-3.4 


10 

Age. sex, social class. 

Fooledl 




13 

13-1.4 



blood pressure, 
cholesterol, weight 


P. Prospective cohort ; C, Case control; CHD, coronary heart disease. 

*No entry in this column indicates no comment on the presence or absence of dose-response relation. 
tPower to delect relative risk of 1.2 with 95% confidence. 

^High-risk population; members of Multiple Risk Factor intervention Trial. 

{Pooled rclitive risk computed as R«cxp (I w, In R^w,), where w,» (jr/ln R,) J . 

| Thu report is a later followrup of the population reported in Gillis et a!.* 

1AH studies combined without regard for sex, with Gillis et al* excluded because Hole et al ,T report later follow-up on the same people. 


in cigarette smoke can injure the arteriaJ endothe¬ 
lium and initiate the atherosclerotic process. 

AJ1 the compounds from cigarette smoke that have 
been implicated as damaging to the cardiovascular 
system of active smokers have been identified in ETS. 1 ' 7 

Epidemiological Studies on ETS and Heart Disease 

Since 1984, the epidemiological evidence linking 
exposure to ETS with heart disease has rapidly 
accumulated. The results of the 10 published stud¬ 
ies*- 17 that use death as an end point are summarized 
in Table I and Figure 1; four studies present data on 
men, eight on women, and one on both sexes com¬ 
bined. Despite minor differences in methodology or 
end points (some used death from ischemic heart 


disease of any origin, and some were limited to death 
from myocardial infarction), the results of these 
studies are remarkably consistent All the studies on 
men yielded relative risks of death from heart disease 
exceeding 1.0 when a nonsmoking man was married 
to a woman who smoked, with an overall risk of 1.3. 
All but one of the studies on women* yielded relative 
risks exceeding 1, with an overall relative risk of 13. 
Five studies ,o p - ,9 * a<J have also suggested an increase 
in the risk of nonfatal coronary symptoms, including 
angina and myocardial infarction Consistency of an 
observation across different studies increases the 
confidence that a particular association is causal. 

Several investigative teams also observed a dose- 
response relation between increasing amounts of 
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FIGURE 1. Graph of relative risk in epi¬ 
demiological studies of the risk of death 
from coronary heart disease or myocardial 
infarction among nonsmokers living with 
smokers compared with nonsmokers living 
wish nonsmokers ,. Lines indicate 95% con¬ 
fidence intervals . Note that two studies 
have upper bounds to the 95% confidence 
interval off the scale of the graph. 


smoking by the spouse and the risk of heart disease tn 
the nonsmoking spouse, 1 which in most cases 
was statistically significant. The presence of such 
dose-response effects across multiple studies, con¬ 
ducted in different locations with different criteria, 
supports the hypothesis that ETS causes heart dis¬ 
ease in nonsmokers. 

While all but one of the studies in Table 1 and 
Figure 1 yielded relative risks greater than 1.0, the 
fact remains that three of the studies in men and five 
of the studies in women had 95% confidence inter- 
I vals for the relative risk of passive smoking for heart 
' disease that included 1.0, meaning that the risk was 
not statistically significantly elevated above 1.0 (with 
p<0.05). Of note, the 95% confidence intervals do 
not lie symmetrically about 1.0 but are skewed 
toward higher risks. By examining the confidence 
intervals, the conclusion is reached that exposure to 
ETS elevates the risk of heart disease (Figure 1). 
Also, the results of these studies may be combined in 
a formal analysis to derive a glbbal estimate of the 
relative risk and associated 95% confidence Interval. 
By combining the studies, the sample size and, there¬ 
fore, the power to detect an effect increases. Wells 5 
used then-available studies 8 * 9 ' 11 to compute a 
pooled relative risk of 13 (95% confidence interval, 
1.1—1.6) for men and 13 (95% confidence interval, 
13-1.4) for women. Our analysis on ail the studies in 
Table 1 yields a combined relative risk of 13 (95% 
confidence interval; 13-1.4). 

When interpreting the results of such epidemiolog¬ 
ical studies, it is always important to consider biolog¬ 
ical plausibility and potential confounding variables 
that can explain the results. Aside from noting that 
the hydrocarbons in mainstream smoke already im¬ 
plicated in heart disease arc also in ETS, we will 
defer the discussion of biological plausibility until we 
discuss the effects of ETS on platelets and the 
atherogenic agents in ETS. For now, we will concen¬ 
trate on potential confounding variables, which are 
particularly important in a disease like heart disease 


because it is known to be caused by multiple nsk 
factors. 

All the studies controlled for the most important 
confounding variable, age, and several 10 IWI5 ' 17 con¬ 
trolled for known risk factors for coronary artery 
disease, in particular levels of serum or plasma 
cholesterol, blood pressure, and body mass. Most of 
the studies also included one or more measures of 
socioeconomic status, such as housing or education. 
Indeed, studies that estimated the relative risk both 
with and without taking these confounding variables 
into account found an increase in risk associated with 
ETS after taking the confounding variables into 
account. 10 - 15 

Lee 21 - 25 suggested that the elevated risk of heart 
(and other) disease with passive smoking may be due 
to misclassification of nonsmokers who arc really 
smokers. In addition* Wald* 4 noted that some people 
who say they live with nonsmokers have detectable 
levels of the nicotine metabolite cotinine in their 
blood, indicating that they are actually exposed to 
ETS, either at work or at home. The former type of 
misclassification tends to lead to overestimating the 
risks associated with ETS and the latter leads to 
underestimating the risk. Careful analysis of the 
question of misclassification* which applies generally 
to studies of ETS, has demonstrated that the ob¬ 
served risk cannot be explained by this problem. 5 -* 4 - 2 * 

The possibility always exists that some other con¬ 
founding variable relates to cultural factors, such as 
the nature of housing or employment or the nature of 
lime spent outside the home. Also; it is possible that 
there are other confounders, such as a correlation of 
spouses' poor health behaviors (c.g., diet), which are 
not controlled for in analysis. The fact that results arc 
from all over the world in widely varying cultural 
settings—including several regions in the United 
States, the United Kingdom, Japan* and China — 
argues against this concern. 

One can assess formally the confidence in reaching 
a negative conclusion by computing the power of the 
study to detect an effect of specified size. 2v Table 1 
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shows esiimaics of the power of each of the studies to 
detect a 20% increase in risk of heart disease (i.e., a 
relative risk of 1.2) with the available samples. The 
’power was computed as described in Muhm and 
Olshan, 5 " using a two-sided test for the relative risk 
with a type ! risk of 5% (i,e., requiring the 95% 
confidence interval for the relative risk to exclude 1.0 
before concluding a statistically significant elevation 
in risk in an individual study). Most of the studies 
have low power. This low power of the individual 
studies argues against drawing an overall negative 
conclusion concerning the link between ETS expo¬ 
sure and risk of death from heart disease, based on 
the individual studies taken one at a time. 

Last, and of note, all these studies are based on the 
smoking habits of the nonsmoker’s spouse and, 
therefore, the exposure to ETS at home. Household 
exposures to ETS at home are generally much 
smaller than exposures at work, where the density of 
smokers is generally higher.- 51 - 52 As a result, these 
studies generally underestimate the risk and attent 
dant public health burden due to ETS-induced heart 
disease. Kawachi et aP' adjusted Wells* 5 relative risks 
to account for workplace exposures to ETS and 
found that the relative risks increase to 2.3 (95% Cl, 
1.4-3.4) for men and 1.9 (95% Cl, 1.4-2.5) for 
women. Thus, any potential confounding of the re¬ 
sults because of exposure to ETS outside the home 
wilf tend to produce underestimates rather than 
overestimates of the effect of ETS. Likewise, estii 
mates of public health impact based on risks com* 
puled from household exposures 5 will be lower than 
the true public health impact. In addition, Wells 5 and 
Kawachi et a I" indicate that the number of heart 
disease deaths due to passive smoking is an order of 
magnitude greater than the number of lung cancer 
deaths due to passive smoking. Even though the 
relative risks for heart disease and lung cancer 
caused by ETS are similar (about 1.3 for both diseas¬ 
es); the attributable deaths for heart disease is 
greater because heart disease is much more common 
thani lung cancer. Of 53,000 annual deaths in the 
United States attributed to passive smoking, 5 37,000 
arc attributed to heart disease compared with 3,700 
for lung cancer (Figure 2). 

These epidemiological studies demonstrate a con¬ 
nection between ETS exposure and death from heart 
disease. Wc now turn our attention to possible 
physiological and biochemical mechanisms that ex¬ 
plain these observations. 

Short-term Effects of ETS Exposure 

Long-term exposure to ETS exerts carcinogenic 
effects by increasing the cumulative risk that a carci¬ 
nogenic molecule from FTS will damage a cell and 
then initiate or promote the carcinogenic process. 
The situation with heart disease is different! In heart 
disease, important long-term changes (i.e., the deveh 
opment of atherosclerotic lesions) and short-term 
changes occur. The latter include an increased myo* 


Deaths from Passive Smoking 

Total Deaths: 5 3,000 


H»art OiiMM 

17000 



Other Canoer 
12000 

Ung Cenoer 
1700 

FIGURE 2. Pie chan of US deaths from environmental 
tobacco smoke. The majority of annual deaths are attributed 
to hean disease . Modified from Wells. 


cardial oxygen demand that may outstrip the oxygen 
supply and produce ischemia and an increased plate¬ 
let aggregation that may lead to coronary thrombosis 
and acute myocardial infarction: 

When the coronary circulation cannot' provide 
enough oxygen to the myocardium to meet the de¬ 
mand, the result is ischemia, which can be a silent or 
an angina! episode. Earlier onset of angina or hypo¬ 
tension during exercise is a reflection of more severe 
heart disease. Oxygen supply can be reduced by 
atherosclerotic narrowing or vasoconstriction of the 
coronary arteries or by reducing the oxygen-carrying 
capacity of the blbod because the carbon monoxide in 
the ETS forms carboxyhemoglobin, which, in turn, 
reduces the blood’s oxygen-carrying capacity. Khal- 
fen and Klochkov 54 confirmed earlier work by 
Aronow 35 demonstrating that exposure to ETS sig¬ 
nificantly reduced both the exercise ability in patients 
with coronary artery disease and the rate-pressure 
product (heart rate multiplied by systolic blood pres¬ 
sure). In both studies, patients were exposed to 
realistic levels of ETS by sitting ini a waiting room 
while someone was smoking. These effects were 
present in smokers and nonsmokers 54 and regardless 
of whether the room was ventilated. 505 Exposure to 
ETS also increased resting heart rate and systolic and 
diastolic blood pressure and resulted in a lower heart 
rate at the onset of angina. 55 Blood carboxyhemoglo¬ 
bin was increased by about 1% after exposure to 
ETS 35 Thus, short-term exposure to ETS leads to an 
imbalance between myocardial oxygen supply and 
demand during exercise in patients with coronary' 
artery disease. While this discussion has concen¬ 
trated on the carbon monoxide in ETS as the active 
agent, some other component of the ETS may be 
causing or contributing to this effect: 

The effects of ETS on cardiac performance are, in 
fact, severe enough to affect exercise performance in 
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young healthy subjects with no evidence of heart 
•disease. McMurray et ai* exposed young healthy 
women lo pure air and air contaminated with ETS 
while they exercised on a treadmill. The results were 
similar to those observed in patients with coronary 
artery disease. Resting heart rate was increased 
during exposure to ETS, which increased blood car* 
boxyhemoglobin by about 1%. Exposure to ETS 
significantly reduced maximum oxygen uptake (by 
0.25 1/min) and time to exhaustion (by 2.1 minutes). 
Exposure to ETS also increased the perceived level 
of exertion during exercise, maximum heart rate, and 
carbon dioxide output. It also significantly increased 
levels of lactate in venous blood (from a mean of 5.5 
xnM during the control period to 6.8 mM after 
exposure to ETS). This greater lactate at a lower 
oxygen consumption during the passive smoking tri¬ 
als indicates a greater reliance on ancrobic metabo¬ 
lism. The combined effects of the reduced oxygen¬ 
carrying capacity and increased lactate resulted in a 
reduction in maximal aerobic power and the duration 
of exercise. Thus, even in healthy subjects, exposure 
to ETS adversely affects exercise performance. 
Lamb- 17 suggested that at maximal exertion levels, up 
to 90% of the oxygen-carrying capacity of the blood 
may be needed. Probably because of carbon monox¬ 
ide, ETS reduces this capacity, so the muscle cannot 
maintain its high rate of aerobic metabolism unless 
cardiac output is further increased; people with heart 
disease and reduced ventricular reserve have diffi¬ 
culty meeting this demand. In sum, exposure to ETS 
increases the demands on the heart during exercise 
and reduces the capacity of the heart to respond. 
This imbalance increases the ischemic stress of exer¬ 
cise in patients with existing coronary artery disease 
and can quickly precipitate symptoms. 

Moskowitz et found evidence that adolescent 
children of parents who smoked may suffer from 
chronic tissue hypoxia such as that observed in 
anemia, chronic pulmonary disease, cyanotic heart 
disease, or high altitude. These children had signifi¬ 
cantly elevated levels of 2,3-diphosphoglycerate 
(DPG), even after correcting for age, weight, height, 
and sex. DPG acts as a physiological modulator of 
hemoglobin oxygen affinity. It binds to specific amino 
acid sites and increases the (lowers the oxygen 
affinity), thus making more oxygen available to pe¬ 
ripheral tissues. This observation suggests that the 
body is attempting to compensate for hypoxia by 
increasing the DPG level in blood to meet tissue 
oxygen requirements. The changes were dose depen¬ 
dent; the greater the exposure to ETS (measured 
both in terms of parental smoking and serum thiocy¬ 
anate levels in the children), the greater the increase 
in DPG. 

There is also evidence that short-term exposure to 
ETS directly affects respiration of the myocardium at 
a cellular level. Gvozdjakova et aP y exposed rabbits 
in a 50 I child’s incubator to the smoke of three 
burning cigarettes smoked during a 30-minule pe¬ 
riod, and they measured several variables related to 


the metabolism of cardiac mitochondria. They had 
three groups of rabbits: one group was exposed to a 
single dose of ETS, one group was exposed to 30 
minutes of ETS twice daily for 2 weeks, and one 
group was exposed to 30 minutes of ETS twice daily 
for 8 weeks. They measured mitochondrial respira¬ 
tion as the consumption of oxygen after adding ADP 
to a vessel containing mitochondria! fragments. Us¬ 
ing pyruvate as a substrate, mitochondrial respiration 
was reduced significantly compared with control 
(pure air) for all doses of ETS, by even a single 
exposure, to about half the control value. The oxida¬ 
tive phosphorylation rate was also reduced signifi¬ 
cantly at all exposures by about one third. There were 
no significant changes in the coefficient of oxidative 
phosphorylation with ETS exposure. Gvozdjakova et 
al w concluded that pyruvate as a substrate was a 
sensitive indicator of the toxic action of the ETS on 
the oxidative process. 

Later, to further isolate where in the process of 
mitochondrial respiration the ETS acted, Gvozdja¬ 
kova et al 40 and Gvozdjak et a! 41 reported data on 
succinate, NADH; and cytochrome oxidase activity in 
the mitochondria in the four groups of rabbits. 
Exposure to ETS affects the activity of NADH oxi¬ 
dase, succinate oxidase, and cytochrome oxidase of 
myocardial mitochondria. The activity of the first two 
oxidases exhibited no changes compared with the 
control group* neither after a single exposure to ETS 
or after exposures to 2 weeks. Cytochrome oxidase 
activity decreased both after a single exposure to 
ETS and over time, with greater decreases as the 
duration of exposure to ETS was extended. The 
observation that cytochrome oxidase and not NADH 
or succinate oxidase activity was affected by ETS 
suggests that the deleterious effects of ETS on myo¬ 
cardial mitochondrial respiration occur at the termi¬ 
nal segment of the mitochondrial respiration process. 
Prolonged exposure to carboni monoxide has been 
shown to induce ultrastructural changes in myocar¬ 
dium 43 - 44 and may account for the adverse effects of 
ETS exposure on mitochondrial function. 

Thus, short-term exposure to ETS not only in¬ 
creases the demand and compromises the supply of 
oxygen to the heart, but also reduces the myocardi¬ 
um’s ability to use the oxygen to create ATP to provide 
energy to support the heart s pumping activity. 

Effects on Platelets 

The action of ETS to increase platelet aggregation 
is another way in which ETS can increase the risk of 
a coronary event. Platelets are important for the 
normal process of hemostasis, to prevent blood loss 
after an injury. When blood platelets aggregate inap¬ 
propriately and form a thrombus in the coronary 
circulation, they can precipitate a myocardial infarc^ 
tion. Hemostasis depends on complex interactions 
among the dynamics of blbod flow, components of 
the vessel walU platelets, and plasma proteins. De¬ 
finitive evidence has confirmed that platelets play a 
major role in thrombus formation and embolization; 
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Tou 2. Effect of PiulVi and Active Smoking oo Platelet Aggregation and Eadotfeelial Oil Diintjt 


Platelet aggregate ratio Endothelial cell count 



Before 

After 

Change 

Before 

After 

Change 

n 

Passrve smoking (nonsmoker) 

0.87 

0.78 

-0.09 

2.8 

3.7 

0.9 

10 

Tobacco (nonsmoker) 

0.80 

0.65 

—0.15 

2.3 

4.8 

2.5 

20 

Nontobacco cigarette (nonsmoker) 

0.81 

0.78 

“0.03 

2.5 

3.0 

Oi 

Inhale cigarette (smoker) 

0JI 

0.68 

-0.13 

4.0 

5.4 

1.4 

24 

Not inhale cigarette (nonsmoker) 

0.82 

0.73 

“0.09 

33 

4.7 

1.4 

22 

Smoke (smoker) 

0.85 

0.70 

“0.15 

44 

64 

2.0' 

17 

Snuff (smoker) 

0.82 

0.76 

-0.06 

3.9 

4.7 

08 


Ail studies are paired and reflect significant differences (/><0.005). Platelet aggregate ratio is the ratio of platelet 
count of plaicle^nch plksma, prepared immediately after venipuncture with a solution containing edctic acid and 
formaldehyde, to that of platelet-rich plasma prepared in the same manner; except for the absence of formaldehyde. 
A decrease in the platelet aggregate ratio reflects an increased formation of platelet aggregates. Endothelial cell count 
is mean number of anuclcar cell carcasses in 0.9-*iL chambers. Modified from Davis ei;al. 4M ** ljM 


especially in the arterial system. In addition, increas¬ 
ing evidence has shown that platelet deposition and 
thrombus formation can contribute to the growth and 
progression of atherosclerotic plaques. 454 * An arte¬ 
rial thrombus appears to develop in three phases; 
platelfet adhesion, platelet aggregation, and activat¬ 
ing of clotting mechanisms. Passive smoking in¬ 
creases platelet aggregation and, thus, increases the 
likelihood of thrombus formation and myocardial 
infarction. 

Table 2 summarizes the results of several studies 
by Davis et al 4V5 ° on the effects of cigarette smoke on 
platelet aggregation and damage to the arterial en¬ 
dothelium. Davis et aP 1 also measured platelet ag¬ 
gregate ratios and endothelial cell counts in non- 
smokers before and after exposure to 20 minutes of 
ETS while sitting in a hospital atrium. The platelet 
aggregate ratio in these studies is the ratio of the 
platelet count of platelet-rich plasma prepared from 
blood mixed immediately with EDTA and formalde¬ 
hyde to the same mixture without formaldehyde. This 
method assumes that platelet aggregates circulating 
in blood are fixed in the EDTA-formaldehyde solu¬ 
tion and that they break apart in the EDTA solution. 
Thus, a decrease in the platelet aggregate ratio 
reflects an increased formation of platelet aggre¬ 
gates. Mean values before and after passive smoking 
were 0.87 and 0.78 (/>*=U,002) for platelet aggregate 
ratios and 2.8 and 3.7 (p=0.002) for counts of 
anuclear endothelial cell carcasses in venous blood. 
These changes are intermediate between the effects 
observed after nonsmokers smoked two tobacco cig¬ 
arettes and the effects observed after smoking two 
nontobacco cigarettes 47 and similar to the values 
observed in nonsmokers who smoked two cigarettes 
while trying not to inhale. 4 * These effects were not 
correlated with the level of nicotine in the blood of 
the experimental subjects in any of these or other 4 ** 50 
related studies on how drugs modify platelet aggre¬ 
gation and endothelialiceil counts. In particular, the 
effects observed in nonsmokers who smoked without 
inhaling were similar to the effects on smokers who 
smoked two cigarettes even though the plasma nico¬ 


tine levels in the non smokers were five times lower 
than those observed in the smokers. 40 Other work in 
the same laboratory comparing smoking with snuff 
use revealed similar changes in platelet function in 
response to these two forms of tobacco use. 52 This 
result; combined with the finding that smoking non¬ 
tobacco cigarettes 47 failed to produce changes in 
platelet function as l4rge as observed with tobacco 
cigarettes, suggests that nicotine is an important 
active agenu Because nontobacco cigarettes also 
affected platelet aggregation somewhat, however, 
carbon monoxide or other combustion products may 
also influence the platelets. 

Sinzinger and Kefalides 55 measured platelet sensi¬ 
tivity to antiaggregatory prostaglandins (E u I 2 , and 
D 2 ) before, during, and after 15 minutes of exposure 
to ETS in healthy nonsmokers and smokers. Passive 
smoking reduced platelet sensitivity to the antiaggre¬ 
gatory prostaglandins 1 2 and E, significantly (/>< 0.01) 
by a factor of about 2 by the end of 15 minutes of 
exposure to ETS among nonsmokers. This effect 
persisted at 20'minutes after the end of exposure and 
ceased by 40 minutes. Platelet response to pros¬ 
taglandin D 2 changed modestly in a similar pattern 
but was not significant. Among smokers, the control 
level of platelet aggregation was higher (/?<0.01), 
and the prostaglandins had no significant effects on 
platelet aggregation over time during or after expo¬ 
sure to ETS. Sinzinger and Virgolini 44 also showed 
that repeated exposure to ETS for 1 hr/day for 10 
days produced lasting changes in platelet function in 
nonsmokers similar to those observed in smokers. 
Thus, nonsmokers ’ platelets seem much more sensi¬ 
tive to a single exposure to ETS than do smokers' 
platelets, and change in platelet sensitivity to disag¬ 
gregating prostaglandins in nonsmokers exposed to 
ETS for short periods is similar to that observed in 
smokers. 

Further evidence from the same laboratory that 
passive smoking increases platelet aggregation comes 
from work by Burghubcr et al, 55 who studied smokers 
and nonsmokers who smoked two cigarettes and also 
exposed a different group of smokers and nonsmok- 
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FIGURE 3, Plots of effect of active (left) and passive (right) smoking on platelet aggregation in smokers and nonsmokers. The 
sensitivity index, St PCI a is defined as the inverse of the concentration of prostaglandin Jj necessary to inhibit A DP-induced platelet 
aggregation by 50%. Lower values of SI PCJ 2 indicate greater platelet aggregation. Adapted from Figures 3 and 4 of Burghuber ei a! 55 


ers to ETS in an 18 m 3 room in which 30 cigarettes 
had been smoked just before exposing the nonsmok¬ 
ers They measured the sensitivity of platelets to the 
disaggregating substance prostaglandin I 2 that is re¬ 
leased by endothelium and inhibits platelet aggrega¬ 
tion. Figure 3 shows the results of this experiment. In 
smokers, neither smoking nor passive smoking af¬ 
fected the sensitivity of the platelets to the disaggre¬ 
gating effect of prostaglandin I 2 . The sensitivity of 
platelets in-smokers was also significantly lower than 
that of nonsmokers. In contrast; platelets were more 
sensitive to prostaglandin I 2 in nonsmokers, with both 
smoking and passive smoking producing a similar 
reduction in platelet sensitivity to prostaglandin U, 
These results suggest that the platelets of smokers 
are already desensitized to the antiaggregatory sub¬ 
stance prostaglandin l 2 so that no further decrease in 
aggregation is seen. The significant decrease in plate¬ 
let sensitivity to prostaglandin after short-term expo¬ 
sure to ETS suggests that after ETS exposure plate¬ 
lets are more likely to aggregate with adverse 
consequences. 

Earlier work by Saba and Mason 56 also indicated 
that nicotine increased a variety of measures of 
platelet aggregation in nonsmokers and smokers. 
AlLhough the in vitro effects of nicotine on platelets 
from smokers was greater than that in nonsmokers, 
the effect generally did not vary with dose (between 
2x l(T* and 2xlO‘ 4 M), suggesting that the effects of 
nicotine on platelets occur at low doses and that the 
system saturates quickly. This observation may ex¬ 
plain why passive and active smoking have such 
• similar effects on platelets. 51 - 52 - 55 

The probable link between nicotine and adverse 
physiological effects is nicotine-induced release of 
catecholamines. Catecholamines are then responsi¬ 
ble for increased platelet aggregation. This reasoning 
suggests that ^-adrenergic receptor blockers may 
provide some protection in smokers. This premise is 
borne out by a trial comparing the effects of the 
0-blocker mctoprolol to a thiazide diuretic in the 
control of moderate hypertension. 57 For the same 
reduction in blood pressure, the metoprolol-trcated 
group had a significantly lower mortality rate than 
did the thiazide-treated group. Practically all of this 


reduction in mortality, however, was seen in smokers 
and not nonsmokers. This study provides evidence 
that blocking the effects of catecholamines (released 
by nicotine) was the cause of the reduced mortality in 
smokers who were receiving metoprolol. 

in sum, passive smoking increases platelet aggre- 
gation, with a magnitude similar to that observed in 
active smoking. Moreover, the response of nonsmok¬ 
ers to both active and passive smoking appears to be 
different from smokers, with nonsmokers being more 
sensitive to lower exposures to cigarette smoke than 
are smokers. This observation indicates that the 
pharmacology of ETS in nonsmokers may be dif¬ 
ferent than in smokers, with nonsmokers being more 
sensitive to low doses of ETS. In particular, it inval¬ 
idates attempts to estimate “cigarette equivalent” 
doses of ETS in nonsmokers or extrapolating from 
risks of smoking in smokers to effects of ETS on 
nonsmokers. 5 * The resulting increase in platelet ag¬ 
gregation can contribute to acute thrombus forma¬ 
tion and myocardial infarction. 

In addition to the role of platelets in acute throm¬ 
bus formation, platelets are also important in the 
development of atherosclerosis. 46 Once there is dam¬ 
age to the arterial endothelium, either through me¬ 
chanical or chemical factors, platelets interact with or 
adhere to subendothelial'connective tissue and ini¬ 
tiate a sequence that lfeads to atherosclerotic plaque. 
When platelets interact with or adhere to suben¬ 
docardial connective tissue, they are stimulated to 
release their granule contents. Endothelial cells nor¬ 
mally prevent platelet adherence because of the 
nonlhrombogenic character of Iheir surface and their 
capacity to form antithrombotic substances such as 
prostacyclini Once the endothelial cells have been 
damaged, the platelets can stick to them. Once the 
platelets are bound to the endothelium, they release 
mitogens such as platelet-derived growth factor, 
which encourage migration and proliferation! of 
smooth muscle cells in the region of the endothelial 
injury: 5V If platelet aggregation is increased because 
of exposure to ETS, the chances of platelets building 
up at an endothelial injury will be increased. Thus, in 
addition to contributing to short-term effects through 
increasing the likelihood of thrombus formation, the 
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effects of ETS on platelets also increase the chances 
that endothelial injury will lead to arterial plaque. 

ETS also plays a role in causing damage to the 
endothelium and initiating the atherosclerotic pro¬ 
cess As discussed above, Davis et a! 51 found that 
short-term exposure to ETS, like active smoking 47-30 
and use of chewing tobacco, s2 leads to a significant 
increase (p<0.002) in the appearance of anudear 
endothelial cell carcasses in the blood of people 
exposed to ETS (or tobacco product) constituents. 
The appearance of these cell carcasses indicates dam¬ 
age to the endothelium, which is the initiating step in 
the atherosclerotic process. As noted above, the ap¬ 
pearance of endothelial cells after passive smoking is 
almost as great as after primary smoking (Table 2). 
Exposure to ETS has been shown to produce injuries 
similar to those observed with exposure to primary 
smoke and also affects platelets in a way that increases 
the chances that they will bind to the injured area and 
promote growth of smooth muscle cells. 46 

Role of the Polycyclic Aromatic Hydrocarbons in ETS 

Many atherosclerotic plaques in humans are either 
monoclonal or possess a predominantly monoclonal 
component/** which indicates that the smooth muscle 
cells of each plaque have a predominant cell type. 
Several animal studies have also shown that injections 
of polycyclic aromatic hydrocarbons (PAHs), in par¬ 
ticular 7,12-dimethylbcnz(a,h)anthracene (DMBA) 
and benzo(a)pyrene 41-65 accelerate the development 
of atherosclerosis. Benzo(a)pyrene is an important 
element in ETS. 1 The effects of PAHs or other 
carcinogenic or mutagenic elements in ETS 66 relate 
directly to the response to injury theory of atherogen- 
csis discussed above. 46 Changes in the underlying 
smooth muscle stimulated by these agents can then 
initiate the “injury” that leads to platelet aggregation 
and plaque formation. Thus, long-term exposure to 
ETS can affect plaque formation through mechanisms 
similar to those by which long-term exposures produce 
cancer in other organs. 

Albert et al 61 gave chickens weekly intramuscular 
injections of DMBA and benzo(a)pyrenc for up to 22 
weeks, then killed the chickens at various times 
beginning after 13 weeks and measured the plaque 
volume in the chickens’ aortas. They found that both 
DMBA and benzo(a)pyrene significantly increased 
the volume of plaque compared with control chickens 
who had just received injections of the solvent used 
to carry these agents. This study provided the first 
evidence that known carcinogenic chemicals can be 
atherogenic as welll 

Penn et al 63 extended this result in a similar 
experiment by showing that the effects of DMBA on 
the extent of plaque buildup in chipkens was dose 
dependent. The median cross-sectional area of 
plaques on individual aortic segments and the plaque 
volume index (an approximate measure of the total 
volbme of plaque per aorta) increased in a nearly 
linear fashion with DMBA dose. In contrast to the 
marked increase in plaque area in the DMBA- 


treated animals, the percentage of aortic sections 
with plaques in carcinogen-treated animals was only 
slightly higher than in controls. Plaques with a small 
cross-sectional area were present in all animals. 
Lesions of widely differing cross-sectional areas ap¬ 
peared to be similar histologically under the light 
microscope. 

Together, these data suggest strongly that a major 
effect of long-term DMBA exposure is to increase the 
size of spontaneous aortic lesions. Rather than induc¬ 
ing a cancerlike change in an individual cell that 
begins the process that ultimately leads to plaque 
formation, Penn et a! w suggested that long-term 
DMBA exposure causes preferential division of indi¬ 
vidual cells or patches of cells within the preexisting 
spontaneous lesions. From this perspective, DMBA 
and other exogenous compounds would be acting as a 
mitogen, similar to that released by activated platelets, 
to stimulate division of aortic smooth muscle. 

Revis et al 62 found similar results in White 
Cameau pigeons injected with DMBA and ben- 
zo(a)pyrene weekly for 6 months, beginning when the 
pigeons were 3 months old. Compared with the work 
described above, they found that benzo(a)pyrene had 
a greater effect on atherogenesis than did DMBA, 
and they also failed to observe a dose-response 
relation between the dose given and the amount of 
aortic plaque. These differences from the work just 
described may be related to species differences, 
differences in the carrier used to inject the PAHs 
(dimethyl sulfoxide in the previous studies compared 
with com oil in this one), or differences in the age of 
the pigeons or dosing schedule. They also found an 
increase in aortic plaques in pigeons treated with the 
PAH 3-methyicholanthrene but not the carcinogen 

2.4.6- trichlorophenol or the PAH benzo(e)pyrenc, 
which is not considered a carcinogen. This result 
suggests that carcinogenic PAHs, rather than carcin¬ 
ogens or PAHs in general, are implicated in the 
atherosclerotic process. 

Revis et al 62 also studied the distribution of these 
compounds after they had been radiolabeled. Forty- 
eight hours after the injection of PAHs, radioactivity 
in the liver, aorta, and lung accounted for 75% of the 
injected dose, whereas in animals injected with 2,4,6- 
trichlorophenol, radioactivity in the liver and kidney 
accounted for 80% of the dose. In addition, 80% of 
the radioactivity observed in the plasma immediately 
after injection of radiolabeled PAHs was associated 
with the low density and high density lipoprotein 
cholesterol fractions compared with only 24% of the 

2.3.6- trichlorophenol, suggesting that plasma lipo¬ 
proteins are an important vehicle for transporting 
PAHs to their sites of activation in the arteries. 

There is also evidence that ETS directly affects 
plasma lipoproteins. Moskowitz et al* showed that 
adolescent children whose parents smoked had ele¬ 
vated levels of cholesterol and depressed levels of 
high density lipoproteins, even after correcting for 
age, weight, height, and sex. These effects were dose 
dependent; the greater the exposure to ETS, the 
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greater were the changes in these variables. 
Pomerehn et a!* 7 observed similar effects of ETS on 

4 . high density lipoprotein in children whose parents 

* smoked and in children who smoked or chewed 
tobacco themselves. High levels of total cholesterol 
and low levels of high density lipoprotein are impor¬ 
tant for the development of plaque. Data on total 
cholesterol and high density lipoprotein from non- 
smokers married to smokers arc inconclusive. 1014 

To further elucidate the possible mechanisms by 
which PAHs induce atherosclerotic changes, Majesky 
et a) h5 administered a single injection of benzo{a)py- 
rene to White Cameau and Show Racer pigeons, then 
looked for metabolites of the benzo(a)pyrene in aortic 
and hepatic tissues 48 hours later, White Cameau 
pigeons typically develop severe atherosclerosis by 3 
years of age, whereas Show Racer pigeons are rela¬ 
tively resistant to aortic atherosclerosis. Aortic prep* 
arations of the White Cameau strain exhibited a much 
greater inducibility of the microsomal monooxygenase 
system than did those of the Show Racer strain, 
particularly in young pigeons. Aortic tissues from 
White Cameau'pigeons aged 6-12 months exhibited a 
threefold to 12-foid inducibility, whereas aortic tissues 
from the same strain at 2-5 years of age exhibited only 
minor (maximum, 33-fold) and, for the most part, 
statistically insignificant increases. No age differences 
in inducibility could be detected in the Show Racer 
strain. Interestingly, the differences in inducibility 
manifest in aortic tissues were greater in aortic tissues 
than in hepatic tissues from the same birds. Thus, the 

y * PAHs seem to accelerate any preexisting tendency to 

* develop atherosclerosis. 

Regardless of the ultimate mechanism by which 
PAHs exhibit atherogenic effects, it seems logical to 
suppose that the reactive intermediary metabolites of 
these chemicals are the proximate atherogenic or 
coatherogenic agents because the parent compounds 
are relatively inert both chemically and biologically. 
Thus bioactivation and inactivation (and regulatory 
control of these processes) may be presumed to play 
extremely important roles in their atherogenic prop¬ 
erties. Bioactivated chemicals vary in their stability 
and reactivity according to four general categories: 

1) those that are extremely unstable and persist only 
at the immediate site (enzyme) of bioactivation, 

2) those that persist only within cells in which bioac- 
• tivation occurs, 3) those that persist primarily only 

within tissues in which bioactivation occurs, and 4) 
those capable of being transferred in the circulation 
from one organ to another. For the first three of 
these four categories, biotransformation in the aorta 
peT se (target tissue activation) would be of prime 
interest and importance. Thus, it appears that PAHs 
could be playing either a mutagenic or mitogenic role 
in beginning the atherosclerotic process in suscepti¬ 
ble cells or individuals, depending on how the PAHs 
in ETS are metabolized in the aorta. 

The finding that enzymes that metabolize DMBA 
and benzo(a)pyrene are in the artery wall led Penn et 
al* 4 to search for specific molecular events in plaque 


cells that would lead to DNA changes similar to 
those previously found in tumors. Identification of 
such processes would be supportive of the monoclo¬ 
nal! hypothesis of atherogenesis. They obtained hu¬ 
man DNA samples from coronary artery plaques as 
well as DNA from normal sections of the coronary 
arteries at surgery to remove the plaque. These DNA 
samples were tested with the N1H 3T3 cell transsec¬ 
tion assay. Foci arose in cells transfected with each of 
the DNA samples obtained from the human coronary 
plaque, with an efficiency (number of foci/^tg of 
DNA) ranging from 0.016 to 0.060 (mean, 0.036). 
The transfection efficiencies for DNA from normal 
coronary artery, liver, spleen, lung, kidney, and tra¬ 
chea were alii less than 0.008. The transformed cells 
were also irijected into the scalps of nude mice, where 
they developed tumors. These results provide direct 
evidence for similarities on the molecular level in the 
development of plaques and tumors. Human coro¬ 
nary artery plaque DNA contains sequences capable 
of transforming N1H 3T3 cells, and these trans¬ 
formed cells can cause tumors after injection into 
nude mice. Control experiments verified that the 
transforming cells did indeed contain human: DNA 
and that the tumorigenic (or transforming) activity 
was not due to the ras oncogene family: Although 
these results clearly demonstrate that human plaque 
DNA has transforming ability, the lemporall expres¬ 
sion of this activity in vivo is not known. The plaques 
were taken from adult patients in late stages of 
vascular disease. Thus, we cannot determine from 
these samples whether the manifestation of transfor¬ 
mation is a relatively late event in plaque develop¬ 
ment or an early but stable event. Oncogene activa¬ 
tion and expression is an important early event in 
transformation and tumor genesis. These results 
identify specific molecular events that may underlie 
the proliferation of smooth muscle cells that is a 
hallmark of atherosclerotic plaque development and 
demonstrates that plaque cells exhibit molecular 
alterations that had previously only been thought to 
be present in cancer-cell transformation and tumori- 
genesis. These results provide direct support for the 
monoclonal hypothesis. 

Randcrath et al 6 " also demonstrated that constit¬ 
uents of cigarette “tar,” including benzo(a)pyrene, 
are preferentially attracted to the heart and damage 
DNA there. They studied molecular mechanisms of 
smoking-related carcinogenesis by examining the in¬ 
duction and distribution of covalent DNA damage in 
internal organs of the mouse after topical application 
of cigarette smoke condensate daily, for 1, 3, or 6 days 
then killed 24 hours later. DNA samples were ob¬ 
tained from skin, lung, heart, kidney; liver, and 
spleen: Adducts containing benzo(a)pyrene-derived 
moieties were identified, together with others. At all 
three times, the number of adducts in heart and lung 
DNA was about five times higher than that in liver 
and slightly higher than that in skin. Covalent DNA 
damage was estimated to be 6.2, 5*7, 3.9, and 1.9 
times higher, respectively, in lung, heart, skin, and 
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kidney than in liver, ranging from approximately I 
adduet/5.4x 10* DNA nucleotides in lung to 1 adduct/ 
3.3xl0 7 DNA nucleotides in liver. Spleen DNA was 
practically adduct free. Although the DNA adduct 
profiles resembled each other qualitatively among 
the different tissues, there were major quantitative 
differences between the different tissues, with the 
highest DNA binding occurring in the lung and heart. 
The reasons for the high incidence of DNA adducts 
in the heart are not known but may be related to the 
role of plasma lipids in transporting PAHs such as 
bcnzo(a)pyrene and binding of these lipids to coro¬ 
nary arteries. 

In sum, there is a growing body of evidence at a 
molecular level supporting the monoclonal hypothesis 
of atherogenesis, with compounds in tobacco smoke 
and ETS strongly implicated as agents that stimulate 
the development of coronary lesions. Regardless of 
whether the monoclonal hypothesis proves to be true 
(or, more likely, one of several initiatiors of the 
atherosclerotic process), there is dear evidence that 
components of ETS, in particular PAHs such as 
benzo(a)pyrene, initiate or accelerate the develop¬ 
ment of plaque. These biochemical findings are con¬ 
sistent with the epidemiological finding that chimney 
sweeps, who are exposed to high levels of PAHs in 
soot, have an increased risk of heart disease (as well as 
cancer) and tend to develop these diseases earlier 
than do members of other, comparable, occupations 
that are not exposed to PAHs. 6V The PAHs in ETS are 
clearly implicated at epidemiological, physiological, 
and biochemical levels in the genesis of heart disease. 

Summary 

The evidence that ETS increases risk of death 
from heart disease is similar to that which existed in 
1986 when the US Surgeon General concluded that 
ETS caused lung cancer in healthy nonsmokers.' 
There are 10 epidemiological studies, conducted in a 
variety of locations, that reflect about a 30% increase 
in risk of death from ischemic heart disease or 
myocardial infarction among nonsmokers living with 
smokers. The larger studies also demonstrate a sig¬ 
nificant dose-response effect, with greater exposure 
to ETS associated with greater risk of death from 
heartdisease. 

These epidemiological studies are complemented 
by a variety of physiological and biochemical data 
that show that ETS adversely affects platelet function 
and damages arterial endothelium in a way that 
increases the risk of heart disease. Moreover, ETS, in 
realistic exposures, also exerts significant adverse 
effects on exercise capability of both healthy people 
and those with heart disease by reducing the body’s 
ability to deliver and utilize oxygen. In animal exper¬ 
iments, ETS also depresses cellular respiration at the 
level of mitochondria. The polycyclic aromatic hydro¬ 
carbons in ETS also accelerate, and may initiate, the 
development of atherosclerotic plaque. 

Of note, the cardiovascular effects of ETS appear 
to be different in nonsmokers and smokers. Non- 


smokers appear to be more sensitive to ETS than do 
smokers, perhaps because some of the affected phys¬ 
iological systems are sensitive to low doses of the 
compounds in ETS, then saturate, and also perhaps 
because of physiological adaptions smokers undergo 
as a result of long-term exposure to the toxins in 
cigarette smoke. In any event, these findings indicate 
that, for cardiovascular disease, it is incorrect to 
compute ‘'cigarette equivalents” for passive exposure 
to ETS and then to extrapolate the effects of this 
exposure on nonsmokers from the effects of direct 
smoking on smokers. 

These results suggest that heart dis ease is an 
important consequence of exposure to ETS. The 
combination of epidemiological studies with demon¬ 
stration of physiological changes with exposure to 
ETS, together with biochemical evidence that ele¬ 
ments of ETS have significant adverse effects on the 
cardiovascular system, leads to the conclusion that 
ETS causes heart disease. This increase in risk 
translates into about 10 times as many deaths from 
ETS-induced heart disease as lung cancer, these 
deaths contribute greatly to the estimated 53,000 
deaths annually from passive smoking. 5 This toll 
makes passive smoking the third leading preventable 
cause of death in the United States today, behind 
active smoking 70 and alcohol. 71 

Acknowledgments 

We thank James Stoughton for assistance in library 
work; A. Judson Wells, Donald Shopland, James 
Repace, Neil Benowitz, Takeshi Hirayama, and the 
Tobacco Institute for their comments on drafts of the 
manuscript; Peter Lee for carefully checking the 
power calculations; Voijtech Licko, Bo-Qing ZJiu; 
and Art Sussman for translation of foreign language 
articles; and Jerry Simnitt for typing. 

References 

I. US Public Health Service. The Health Consequences oflnvol- 
uniary Smoking; A Report of the Surgeon General DHS (CDC) 
87*8398, 1986 

2- Doll R, Hill AB A study of the aetiology of carcinoma of the 
lung Br Med J 1952:2; 1271-1286 

3. Hirayama T: Nonsmoking wives of heavy smokers have a 
higher risk of lung cancer A itudy from Japan. Br Med J 
1981;282(6273): 183-185 

4. US Public Health Service: The Health Consequences of Smok¬ 
ing: Cardiovascular Disease: A Report of the Surgeon General 
DHHS (PHS) 84*50204. 1983 

5. Wells A: An esiimate of adult mortality in the United States 
from passive smoking. Environ ]nt 1988.14:249-265 

6 Kmiensen T: Cardiovascular diseases and the work environ* 
ment: A critical review of the epidemiologic literature on. 
chemical factors. Sc and J Work Environ Health I989J5: 
245-264 

7. National Research Council: Environmental Tobacco Smoke: 
Measuring Exposure and Assessing Health Effects. Washington, 
DC. National Academy Press. 1986 

8 Cillis C Hole B, Hawthorne V. Boyle P. The effect of 
environmental tobacco smoke in two urban communities in the 
west of Scotland Ear J Resp Dli 1984;65(*upp! 133)121^126 

9. Lee P. Chamberlain J. Aldcrson M: Relationship of passive 
smoking to risk of lung cancer and other Kmokingassociated 
diseases. Br J Cancer 1986:54:97-105 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511948 



Glanu and Parmiey Passive Smoking and Heart Disease VI 


) ID. Svendsen K, Kulter L, Martin M. Ockene J: Effects of Passive 
Smoking in ,the Multiple Risk Factor Intervention Tnal. Am J 
Epidemiol 1987;126:783-795 

11. Helsing K, Sandler D. Comstock G. Chet E: Heart disease 
mortality in nonsmokers living with smokers Am J Epidemiol 
1988;127:915-922 

12 Hirayama T: Lung cancer m Japan: Effects of nutrition and 
passive smoking, in Mtzcll M. Correa P (eds): Lung Cancer 
Causes and Prevention. New York, Verlag Chemic Interna¬ 
tional, 1984, pp 175-195 

13 Garland C Banen-Connor E, Suarez L, Criqui M, Wingard 
D: Effects of passive smoking on ischemic heart disease 
mortality of nonsmokers. Am J Epidemiol 1985.121:645-650 

14. He Y; Women's passive smoking and coronary heart disease. 
Chung-Hua-Yu-Fang-LHsueh-Tso-Chin 1989,23:19-22 

15. Humble C Croft J. Gerber A, Casper M, Hames C, Tyroler H: 
Passive smoking and twenty year cardiovascular disease mor¬ 
tality among nonsmoking wives in Evans County, Georgia. Am 
J Public Heath 1990;8<k599-60l 

|6. Butler T: The relationship of passive smoking to various healt h 
outcomes among Seventh-Day Adventists in California 
(abstract). Seventh World Conference on Tobacco and Health 
1990;316 

17. Hole D, Gillis C Chopra C Hawthorne V: Passive smoking 
and cardiorespiratory health in a general population in the 
west of Scotland Br Med J 1989;299:423-427 

18. Martin M, Hunt S, Williams R: Increased incidence of heart 

attacks in nonsmoking women married to smokers. Presented 
at the annual meeting of the American Public Health Associ¬ 
ation, October 1986 " - 

19 Paltner J, Rosenberg L, Shapiro S: Passive smoking and 
myocardial infarction (abstract )j CVD Epidemiol Newsletter 
1988,43:29 

20. Dobson A. Heller R. Alexander H, Uoyd D: Passive smoking: 
and the risk of heart attack (abstract). Seventh World Confer¬ 
ence on Tobacco and Health 1990,102 

21. Lee P: Mtsclasstficodon of Smoking Habits and Pass/ve Smoking 
A Review of the Evidence. International Archives of Occupa¬ 
tional and Environmental Health. Berlin, Springer-Verlag. 
1988 

22. Lee P: Deaths from lung cancer and ischaemic heart disease 
due to passive smoking in New Zealand (letter). H Z Med J 
1989; 102448 

23. Lee P: An estimate of adult mortality in the United Stales 
from passive smoking: A response (tetter). Environ Int 1990; 
16:179-181 

24. Wald N: Does breathing other people s tobacco smoke cause 
hmg cancer? Br Med J 1986,293:1217-1222 

25. Wfclls A: Misdassification as a factor in passive smoking risk. 
Lancet 1986,2:638 

26. Well* A: An estimate of adult mortality in the United States 
from passive smoking: A response to criticism. Environ Int 
1990,16:187-193 

27: Kawachi I. Pearce N: Passive smoking m New Zealand (tel* 
v tcr)i N ZMcdJ 1989:102:479 

28. Reinken 1: Passive smoking in New Zealand (tetter). N Z Med 
J 1989:102515 

29. Friedman J. Chalmers T f Smith H Jr, Kcubter R: The impor¬ 
tance of beta. the Type 1! error, and sample size in the design 
and interpretation of the randomized controlled trial: Survey 
of 71 -negative” trials. N Engl J Med 1978,299:690-694 

30. Muhin J, Olshan A: A program to calculate sample size, 
power, and least detectable relative risk using a programmable 
calculator. Am J Epidemiol 1989;129:205-211' 

31. Repact J, Lcmrey A: A quantitative estimate of nonsmokers' 
lung cancer risk from passive smoking. Environ Int 1985;U: 
3-22 

32 Repace J, Lowrey A: Predicting the lung cancer risk of 
dbmestic passive smoking. Am Bn- Respir Dis 1987; 136:1308 

33: Kawachi I, Pearce N. Jackson R: Deaths from lung cancer and 
ischaemic heart disease due to passive smoking in New 
Zealand N Z Med ) 1989:102337-340 


34 Khalfen E, Klochkov V: Effect of passive smoking on physical 
tolerance of ischemic heart disease patients. TerArkh 19H7;59: 
112-115 

35. Aronc r* W: Effect of passive smoking on angina pectoris . N 
Eng! J Med 1978;299:21-24 

36 . McMurray R, Hicks L Thompson D. The effects of passive 
inhalation of cigarette smoke on exercise performance. Eur J 

'ApplPkyxwt 1985:54.196-200 

37. Lamb D: Physiology of Exerctse Responses and Adaptation New 
York, MacMillan Publishing Co, 19H4 

38 Moskowitz W, Mosteller M, Schieken R, Bossano R, Hewitt J; 
Bodurtha J, Segrcsi J: Upoprolcin and oxygen transport, 
alterations in passive smoking prcadolescent children: The 
MCV twin study. Circulation 1990;81:586-592 

39. Gvozdjikavi A, Bad a V, Siny L, Kucharski J, Kruty F, Boick, 
Trttanksy L. Gvozdjik J: Smoke cardiomyopathy: Disturbance 
of oxidative process in myocardial I mitochondria. Ccrdtovasc 
Res 1984;18:229-232 

40. Gvozdjikovi A, Kucharski J, Skny L, Bada V, Boiek. 
Gvozdjik J: Effect of smoking on the cytochrome and oxidase 
system of the myocardium Bransl Lek Uxty 1985,83:10-15 

41. Gvozdjik J, Gvozdjikwi A, Kueharska, Bada V: The effect of 
smoking on myocardial metabolism. Czech Med 1987;10:47-53 

42 Kjeldsen lCTltomsen H. Asirup P. Effects of carbon monox¬ 
ide on myocardium: Ultrastructural changes in rabbits after 
moderate, chronic exposure. Cirr Res 1974;34:339-348 

43. Thomsen H, Kjeldsen K: Threshold limit for carbon monox¬ 
ide-induced myocardial damage. Arch Environ Health , 1974;29; 
73-78 

44. Lough J: Cardiomyopathy produced by cigarette smoke. Arch 
Pathol Lah Med 1978;102:377-380 

45. Fuster V, Chesebro J: Antithrombotic therapy: Rote of plate¬ 
let-inhibitor drugs. 1. Cuirent concepts of thrombogenesis: 
Role of platelets. Mayo CUn Proc 1981;56:102-112 

46 Ross R; The pathology of atherosclerosis-An Update. N Engl 
J Med 1986;3l4:4R8- 500 

47 Davis J, Shelton L. Eigenberg D, Hignile G Watanabe I; 
Effects of tobacco and non-tobacco cigarette smoking on 
endothelium and platelets. CUn Pharmacol Ther 1985,37; 
529-533 

48. Davis J. Hartman C Lewis H Jr, Shelton L, Eigenberg D; 
Haxsancin K, Hignile C. Runinger H: Cigarette smoking- 
induced enhancement of platelet function: Lack of prevention 
by aspirin in men with coronary artery disease. J Lah CUn Med 
1985,105:479- 483 

49 Davis J., Shelton L. Eigenberg D, Hignile C: Lack of effect of 
aspirin on cigarette smoke-induced increase in circulating 
endbthelial cells. Haemostasis 1987;7:66-69 

50. Davis J, Shelton L, Hartman C Eigenberg D. Rutiinger H: 
Smoking-induced changes in endothelium and platelets are 
not affected by hydroxyethyirutosides. Br J Exp Pathol 1986; 
67:765-771 

51. Davis J' Shelton L, Watanabe l. Arnold J: Passive smoking 
affects endothelium and platelets. Arch intern Med 1989;I49: 
386-389 

52 Davis J, Shelton L. Zucker M: A comparison of some acute 
effects of smoking and smokeless tobacco on platelets and 
endothelium. J Vase Med Bid (in press) 

53. Sinzinger H, Kefalictes A: Passive smoking severely decreases 
platelet sensitivity to antiaggregatory prostaglandins. Lancet 
19822:392-393 

54. Sinzinger M, Virgolini 1: Art passive smokers at greater risk of 
thrombosis? Wien Kim Wochenschr 1989.20:694-698 

55. Burghuber O, Punzengruher C. Sinzinger H. Haber P, Silbcr- 
bauer K: Platelet aensitrvity to prostacyclin in smokers and 
non-smokers. Chest 1986;90:34-38 

56. Saba S, Mason R: Some effecti of nicotine on platelets. 
Thromb Res 1975.7:819-824 

57. Wikstrand J, Waroold 1, OlSson G, Tvomitehio J. EJmfeldt D. 
Berglund G: Primary prevention with metoprolol in patients 
with hypertension: Mortality results from the MAPHY trial 
JAMA 1988,259:1976-1982 

58. Wu J. Ecobichon D: Environmental Tobacco Smoke Proceed¬ 
ings of the International Symposium (Funded hy the Tobacco 





t: 


I: 



\ 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511319 




12 Circulation Vol S3, No I t January 299J 


Industry j at McGill Uiwcrziry, 2989 . Toronto, Lexington Books. 
1989. p 370 

59J Fox PL, DiCorieio PE: Regulation of production of* platelet* 
derived growth ficioMike proteic by cultured bovine ionic 
enddineiiti cells. J Ceil Phystol 3984:221:298- 308 

6C. Bendim E. Bendirr J: Evidence for a monoclonal origin of 
human atherosclerotic piapucs. Pro c Nati Acad Set USA 3 973; 
70:3753-1756 

61. Alben R. Vanderiaan F. Nishirurai M: Effeei of carcinogens 
on chicken atherosclerosis. Cancer to 1977;37:2232-2235 

62. Rods N. Bull R. Laune D. Schiller C Tire effectiveness of 
Chemical carcinogens to induce atherosclerosis in the white 
caroeau pigeon. Taucolop 1984^2215-227 

62. Penn A. B&tastmi G. So toman J, Burns F, Albert R: Dose* 
dependent size increases of ionic lesions following chronic 
exposure to 7.12*Dnnethylbenz(a)aiJthracsne. Cancer Res 
1981:41:555-592 

64. Penn A. Garte S, Warren L. Nesta D. Mindich B: Transform* 
infiene ts human; atherosclerotic ptfaoue DNA Pro c Had 
Acad Sci USA 1986:83:7951-7955 

65 »■. Majesty M. Yang K. Benditt £; Carcinogenesis and athero- 
genesis: Differences m monoxygrnasc indudbiluy and bidae- 
tivation of benzoujpyrene in aortic and hepatic duties of 
atheroscierows-susctptibie versus resistant pigeons. Carzino- 
genesis 1983:4:647-652 

66. Remmer H: Passively inhaled Tobacco smoke: A challenge to 
Usocolo^ and preventive medicine. Arch Toacoi 1957;6i: 
89-104 


67. Poroereha P, Hollartrusfe j. Clarke W, Laucr R: Childrens’ 
HDL-chd: The effect of tobacco: Smoking, smokeless, end 
parental gnokiog (abttraa). Circuit! nn* 1990:82:720 

68. Ranflemh E, Mittal D, Raaderath K: Tissue distnouiion of 
covaiem DNA damage in mice treated dermahy with cigarette 
“tar 1 : Preference for lung and bean DNA Carcinogenesis 
1988:9:75-80 

69. Hansen E: Mortality from cancer and ischemic hean disease 
in Danish chimney sweeps: A ftve-ycar follow-up. Am J 
Epidermal 1983:1:7:160-164 

7a US Pu blic Health Service: Reducing the Heath Consequences o f 
Smoking: 25 years of Progress: A Repon erf the Surgeon General. 
DHHS(OC) 59-8411, 1989 

71. National Institute on Alcohol Abuse and Alcoholism: Sixth 
Special Report so the US Congress cm Alcohol end Heath From 
the Secretary of Heath and Human Services. US Dept of Health 
and Human Services. Public Health Semen. AiconoL Drug 
Abuse, and Mental Health Admnusrratncn. DKHS(ADM) 
87-1539, 1967 ■.* 


KFr Words * arhcroscleroKS * benaXaipyrene • carocm 
r no n ccdtir • environmental treacro smoke • myocardial infarouon 

• passive smoking * pa tele is • poheychc aromatic hydrocarbons 

* secondhand spqxc • tobacco smoxe pollution • epiccmelbgy 
- mitocnonam 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511351 



Review 


Passive Smoking and the 
Risk of Heart Disease 


Kyle Steenland, PhD 


Objective.—This paper reviews the evidence that exposure to environmental 
tobacco smoke (ETS) increases the risk of heart disease death among persons 
who have never smoked (never-smokers). The annual number off heart disease 
deaths in the United States attributable to ETS is estimated, as is the individual risk 
of heart disease death for exposed never-smokers. 

Data Sources.—Nine epidemiologic studies and numerous experimental stud¬ 
ies are available to evaluate the association of ETS and heart disease. 

Data Synthesis.—The relative risk Iof never-smokers Irving with current or 
former smokers, compared with never-smokers living with nonsmokers, has 
ranged from 0.9 to 3.0 in nine studies. Seven studies were positive, one was pos¬ 
itive for women but not men, and one was negative. Several studies have shown 
a dose-response relationship and have controlled for other risk factors. Evidence 
from experimental studies suggests that ETS can damage the cardiovascular sys¬ 
tem, via both short-term and long-term mechanisms. Assuming that the observed 
heart disease risk for those exposed to ETS is not an artifact of misciassrfication or 
.confounding, approximately 35 000 to 40 000 deaths from ischemic heart disease 
among neverrsmokers and long-term former smokers are estimated to have oc¬ 
curred annually in the United States as a resutt of ETS exposure in the early 1980s. 
An individual male never-smoker living with a current or former smoker is estimated 
to have an approximately 9.6% chance of dying of ischemic heart disease by the 
age of 74 years, compared with a 7.4% chance for a male never-smoker Irving with 
a nonsmoker. The corresponding lifetime risks for women are 6.1% and 4.9%. 

Conclusions.—The public health burden due to ETS exposure is Hkely to be 
much greater for heart disease than for lung cancer, which has been the focus of 
most debate to date. Iridividual lifetime excess risks of heart disease death due to 
ETS of one to three per 100 can be compared with much lower excess risks of one 
death per 100000, which are often used in determining environmental limits for 
other toxins. Exposure to ETS is not currently regulated at the federal level, except 
for domestic air traffic. 

UAMA 1992267:94^99) 



ENVIRONMENTAL tobacco smoke 
(ETS) has been associated with a vari¬ 
ety of diseases, particularly lung can¬ 
cer. In 1986, the National Research 
Council 1 estimated that about 3000 lung 
cancer cases per year among persons in 
the United States who had never smoked 
(never-smokers) were attributable to 
ETS. In 1990, the Environmental Pro¬ 
tection Agency published a draft report 
reaching similar conclusions.* While the 
hing cancer risk among never-smokers 
exposed to ETS is well established, a 
possible risk of heart disease due to ETS 
iB more controversial. Yet the epidemi- 
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ologic evidence for a heart disease effect 
has been increasing in the last several 
years. This article discusses the avail¬ 
able data on ETS and heart disease. 
Based on the assumption that the epi¬ 
demiologic studies are reasonably accu¬ 
rate, the annual number of deaths in the 
United States due to ischemic heart dis¬ 
ease CIHD) attributable to ETS iB estb 
mated; as well as the individual lifetime 
risk of 1HD death due to ETS. 

DATA ON ETS EXPOSURE 

Environmental tobacco smoke is dif 
ficuJt to measure directly. Indirect mea¬ 
sures that have been used are airborne 
respirable suspended particulate (de¬ 
fined as particles of less than 2.5-pjn 
diameter) and urinary cotinine (a me¬ 
tabolite of nicotine). Passive monitors 


of vapor-phase nicotine are a promising 
new direct method to measure ETS/ 

Repace 4 has shown that the baek^ 
ground level of respirable suspended 
particulate (approximately 20 p.g/m ) 
doubles in homes in which a smoker lives 
ETS exposure also occurs outside the 
home. Approximately 289 of the US 
adult population smokes, and ETS ex¬ 
posure occurs in most indoor environ¬ 
ments. Cummings et aPhave shown that 
919 of 663 nonsmokers had cotinine im 
tiheir urine, including 819: of the 162 
subjects-who reported no exposure to 
ETS in the previous A days (the rele¬ 
vant period for cotinine measurement)/ 
The average level of cotinine in the urine 
of nonsmokers was about 8ng/mL, com¬ 
pared with about 1200 ng/fnL in smok- 
ers. Other investigators 6 T have shown 
that nonsmokers living with, smokers 
have 2.5 to 3 times the level of urinary 
cotinine compared with that of nonsmok¬ 
ers living with nonsmokers. 

The relative contribution of ETS ex¬ 
posure at work to total exposure is not 
well known. Nonsmoking restaurant 
workers (perhaps a worst case for oc¬ 
cupational ETS exposure) averaged 56 
ng/mL of urinary cotinine in one study. f 
Conversely, Haley et al 6 have shown in 
a limited sample that urinary cotinine 
for those exposed at home and at work 
increased only slightly compared with 
those exposed only at home. 

The National Research Council 1 con¬ 
cluded that nonsmokers exposed to pas¬ 
sive smoke are absorbing the equiva¬ 
lent of 0.1 to 1.0 cigarettes a day, based 
on urinary cotinine levels. However, the 
constituents of sidestream smoke are 
different from those of inhaled: main¬ 
stream smoke. Sidestream smoke is gen¬ 
erated at a lower temperature than 
mainstream smoke, the particle size is 
smaller, less of the generated smoke is 
particulate, and the pH is higher. * There 
are more carbon monoxide and nicotine 
breakdown products in dilute sidestream 
smoke than in mainstream smoke. These 
differences imply that it is difficult to 
determine the relktive toxicity of aide- 
stream smoke vs mainstream smoke. 
Consequently, arguments inferring ETS 
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health effects based on known health 
effects of mainstream smoke (cigarette 
“equivalency") are not appropriate. 

HEART DISEASE AND ETS 

Epidemiologic evidence has been in¬ 
creasing that passive smoking at home 
is related to heart disease among never- 
smokers. Earlier reviews 1 -* concluded 
that the hypothesis associating ETS and 
heart disease was biologically plausible 
but that epidemiologic and experimen¬ 
tal data were inconclusive. 

A review of the recent literature shows 
that six new epidemiologic studies 10 ' u have 
been published regarding ETS and heart 
disease. Table 1 summarizes all nine ep¬ 
idemiologic studies.Seven are posi¬ 
tive, while one is positive for women but 
not men. The five best-designed and larg¬ 
est studies 10iaiia are cohort studies; three 
of the five controlled for the principal 
cardiovascular risk factors (cholesterol, 
blood pressure, and obesity), and three 
■bowed a positive dose response, while 
the other two showed a positive dose re¬ 
sponse for certain subgroups. A recent 
review of most of these studies 11 concluded 
that “heart disease is an important con¬ 
sequence of exposure to ETS” and esti¬ 
mated that the excess risk of heart dis¬ 
ease for nonsmokers living with smokers 
was 30%. 

The principal weaknesses in the epi¬ 
demiologic evidence to date have been 
the indirect methods of assessing expo¬ 
sure (via spousal smoking) and the lack 
of data on exposures to ETS outside the 


home. If the effect of ETS on the cor¬ 
onary’ system is long-term, early expo¬ 
sures during childhood might also be 
important, but childhood exposures have 
not been considered in the epidemio¬ 
logic studies. Also', there are many risk 
factors for heart disease, and it is dif¬ 
ficult to control well for all of them. 

Another problem with the epidemio¬ 
logic data is the seemingly large effect 
that ETS has on heart disease compared 
with the effect of mainstream smoking. 
Active smoking is associated with heart 
disease, with a relative risk of smokers 
vs nonsmokers of about 1.7. 30 Most stud¬ 
ies of never-sm ok ere living with smok¬ 
ers indicate relative risks on the order 
of 1.2 to 1.3, compared with those of 
never-smokere living with never-smok- 
ere. These relative risks seem high com¬ 
pared with the risk for mainstream 
smoking. There are several counterar¬ 
guments to this objection. Studies of 
mainstream smokers have used refer¬ 
ent groups of never-smokere composed 
of never-smokere exposed to ETS and 
never-smokere not exposed to ETS, bo 
that relative risks from mainstream and 
passive smoking studies are not directly 
comparable. Another argument is that 
dosimetry based on cigarette equiva¬ 
lents is misleading, since sidestream 
smoke is qualitatively different than 
mainstream smoke, and exposure to 
sidestream smoke may be proportion¬ 
ately more toxic to the heart than ex¬ 
posure to mainstream smoke. 

Due to the relatively slight increased 


risk of heart disease for passive smokers 
and the many factors known to affect 
heart disease, the possibility of uncon¬ 
trolled confounding as a cause for the in¬ 
creased risk cannot be ruled out. Con¬ 
founding by dietary factors might bias 
disease risks for passive smokers up¬ 
ward. This suggestion is based on findings 
that never-smokere living with smokers 
have less nutritious diets than never- 
smokere living with nonsmokers. ™ 32 The 
argument has principally been made for 
lung cancer risk and has focused 1 on food 
containing carotenoids or retinoids, 
which are protective against lung cancer. 
A similar argument might be made for 
heart disease. However, several' of the 
heart disease studies have adjusted for 
cholesterol, the most established heart 
disease risk factor related to diet. Fur¬ 
thermore, in one study, 11 never-«mokers 
bving with smokers ate significantly less 
cholesterol-containing food than never- 
smokere bving with nonsmokers (white 
also eating significantly less carotenoid- 
containing vegetables). While caro¬ 
tenoids and retinoids may be protective 
against heart disease as they are against 
lung cancer, Uttle published data support 
this claim. 

An increasingly substantia) body of an¬ 
imal and human experimental evidence 
supports the hypothesis that ETS in- 
«aaea the risk of heart disease. The 1986 
National Research Council report noted 
that levels of carboxyhemoglobin (COHb) 
among those highly exposed to ETS was 
reported to be dose to 3% and also noted 
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that animal and theoretical models sug¬ 
gested such levels might have adverse 
effects on the heart. However, the Na¬ 
tional Research Council found little evi¬ 
dence that ETS exposure in healthy sub¬ 
jects was detrimental. Since 1986 a series 
of new experimental studies have been 
reviewed by Glantz and Parmley, J> who 
rite human evidence that ETS exposure 
(1) increases COHb and adversely affects 
exercise performance in both heart pa¬ 
tients and healthy individuals; (2) increases 
platelet aggregation (at levels slightly less 
than those seen in active smokers) and 
adversely affects platelet function; and 
(3) damages the arterial endothelium 
(again at levels slightly less than those 
seen in active smokers). They also rite 
animal evidence that components of ETS 
(eg, polycyclic aromatic hydrocarbons) dan 
increase the risk of atherosclerotic 
plaques. Hence, ETS might be thought 
to have either short-term effects on the 
heart (via COHb or thrombosis) or long¬ 
term effects (via endothelial damage and 
plaque development); 

Two new human experimental studies 
lend further support to the adverse effect 
of ETS on the heart. Allred et aF studied 
63 nonsmoking men with heart disease 
tested on a treadmill, after exposure to 
room air or to air with carbon monoxide 
levels of 117 ppm or 253 ppm (resulting in 
COHb levels of 0.6%, .2.0%, and 3.9%, 
respectively). The time to angina onset 
decreased significantly by 4.2% and 7.1% 
in those exposed to low and high carbon 
monoxide levels, respectively, compared 
with those exposed to room air. Sheps et 
aP studied 41 nonsmokers with coronary 
artery disease to assess the effects of car¬ 
bon monoxide on ventricular arrhythmias. 
Patients performed a baseline bicycle ex¬ 
ercise test and were exposed to room air 
(1 l 5% COHb), 100 ppm carbon monoxide 
(4% COHb), and 200 ppm carbon mon¬ 
oxide (6% COHb) over 3 days, followed 
by more exercise. Those with 6% COHb 
had significantly' more arrhythmias dur¬ 
ing exercise than those exposed to only 
room air. When arrhythmias were 
weighted by severity, a dose response 
was observed. 

The above experimental findings among 
heart patients exposed to carbon monox¬ 
ide find epidemiologic support from a 
study of men exposed to high levels of 
carbon monoxide while working in New 
York City tunnels. 8 These men, exposed 
to carbon monoxide levels of approxi- 
-mately 50 ppm, suffered a 35% excess of 
IHD mortality compared with the US pop¬ 
ulation, an excess that declined aharply 
after employment cessation (indicating a 
short-term effect). They showed no ex¬ 
cess of lung cancer, and cross-sectional 
smoking data revealed smoking habits 
similar to the US referent population. 
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Hence, increased cigarette smoking was 
unlikely to explain the excess heart dis¬ 
ease risk. 

Finally, recent evidence from two studt 
ies show's that exposure to ETS may lower 
levels of high-density lipoprotein choles¬ 
terol (HDL-C): and increase fibrinogen. 
Active smoking lowers HDL-C * A re¬ 
cent study of never-smoking adults 
showed that those with ETS exposure 
(measured by urinary cotinine) had sig¬ 
nificantly lower HDLrC levels than ado¬ 
lescents without ETS exposure (7% lower) 
and significantly higher ratios of total cho¬ 
lesterol to HDL-C, r Another cross-sec¬ 
tional study u found higher levels of fi¬ 
brinogen in nonsmokers exposed to ETS 
vs nonexposed nonsmokers. The authors 
suggested that higher fibrinogen levels 
might lead to increased thrombogenesis. 
While these studies were not longitudinal 
and provided evidence of a correlation 
but not causation, the data suggest other 
mechanisms by which ETS may contrib¬ 
ute to cardiovascular disease. 

In summary, recently published ex¬ 
perimental and epidemiologic studies 
strengthen the case for a true associa¬ 
tion of ETS exposure and heart disease. 

RISK ASSESSMENT 

Risk assessment often means the de¬ 
velopment of a mathematical model to 
predi ct risks of disease based on a gj ven 
quantified dose or exposure. Frequently , 
animal data are used, with doses well 
quantified. Assumptions are then re¬ 
quired regarding the application of an¬ 
imal data to humans. Occasionally, ep¬ 
idemiologic (human) data are available 
with sufficient quantitative detail on ex¬ 
posure to permit Buch a risk assessment, 
but more often the data on exposure are 
qualitative (eg, exposed vs nonexposed ), 
so that no quantitative dose response 
can be estimated. This is the case for 
ETS. However, two other types of risk 
assessment remain possible for ETS.“ 

The type used in this article is based 
on the epidemiologic literature and on 
the observed relative risk for never- 
smokers exposed to ETS vs those non¬ 
exposed. This type of risk assessment 
can be used to estimate the annual num¬ 
ber of deaths due to ETS exposure 
among never-smokers in the United 
States. The excess lifetime risk for an 
individual never-smoker due to expo¬ 
sure to ETS (at an unknown average 
dose) beyond the background risk of a 
never-smoker with no ETS exposure can 
also be calculated. The most important 
assumption in this type of risk assess¬ 
ment is that there indeed is a real in¬ 
crease of risk for never-smokers exposed 
to ETS compared with those not ex¬ 
posed and that this increase in risk can 
be estimated from the existing epide¬ 


miologic studies. The estimates of pop¬ 
ulation and individual risks are crude, 
but they provide a sense of the public 
health burden of heart disease due to 
ETS exposure. 

Another method of risk assessment 
relies on models predicting the risk of 
mainstream smokers for heart disease 
by number of cigarettes smoked, and 
then estimates the equivalent number 
of cigarettes absorbed by nonsmokers 
exposed to ETS, However, this “dosi¬ 
metric'’ method depends on too many 
assumptions about what is a “cigarette- 
equivalent dose” for those exposed to 
ETS, and so is not used here. 

Presented herein are estimates of the 
number of IHD deaths due to ETS ex¬ 
posure among never-smokers, among 
former smokers who have quit 15 or 
more years previously, and among 
former smokers who quit 5 or more years 
previously; After quitting, smokers have 
a sharp reduction in heart disease risk 
(an estimated 50% in the first year), 
followed by a long decline in risk (a re¬ 
duction in the long-term and presum¬ 
ably atherogenic effect), until reaching 
approximately the same risk as never- 
smokers after 15 years * Hence, long¬ 
term former Bmokers (those who have 
not smoked for 15 or more years) can 
reasonably be considered as never-smok¬ 
ers. Former smokers with fewer years 
since quitting will have an increased risk 
from both ETS and their previous main¬ 
stream smoking, but the epidemiologic 
data to date do not permit a separation 
of these effects. Herein are calculated 
the ETS-attributable heart disease 
deaths for former smokers who quit 5 or 
more years previously, and it is assumed 
that the true number of ETS-attribut¬ 
able heart disease deaths for all former 
smokers lies somewhere between the 
attributable deaths for long-term former 
smokers (15 or more years) and short¬ 
term former smokers (5 or more years). 

Current smokers are not considered 
here. Any additional IHD risk due to 
ETS exposure for current smokers is 
likely to be small compared with the 
effect of their mainstream smoking. 

US DEATHS ATTRIBUTABLE 
TO IHD ANNUALLY 
Formulas for AttributaWt Daaths 



As showm in formula 1 below, the 
deaths attributable to IHD among never- 
amokere is 

where EF % is the age-specific etiologie 
fraction, d, is the age-specific number of 
IHD deaths among US never-smokers, 
I, is the age-specific mortality rate from 
IHD among US never-smokers, and A T , 
are the age-specific person-years at risk 
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for US never-smokers. 

The etiologic fraction is an epidemi¬ 
ologic measure to estimate the propor¬ 
tion of disease due to a specific expo¬ 
sure; based on the proportion of the pop¬ 
ulation exposed: and the relative risk 
due to the exposure.® In the context of 
passive smoking, it is defined* 0 in for¬ 
mula 2 below as 

EF-p(RRi -1)+(1 -pXRRi-IV 
p(KRj -1)+(1 -pXRRj- 1)+L 

Here, p is the fraction of never-smokers 
exposed to ETS at home (bving with a 
smoker), RRi is the rate ratio for never- 
smokers exposed to ETS at home vb 
never-smokers not exposed to ETS (the 
truly nonexposed), RR t is the r ate ra tio 
for never-smokers exposed to ETS at 
work or in social Bettings but not bving 
with a smoker vb never-smokers not ex¬ 
posed to ETS (the truly nonexpoeed). 

Derivation of RR, and RR* 

The RRs for I HD for never-smokers 
(1.31 for men and 1.24 for women) bving 
with current or former smokers are from 
the study by Helsing etal, 10 the choice 
of which is dictated by several reasons. 
The goal here is to estimate the impact 
of ETS in the United States (other coun¬ 
tries often have different types of to¬ 
bacco and consumption patterns). The 
Helsing study is the only US study of 
IHD deaths in a large general popula¬ 
tion of both men and women. The study 
results are similar to the approximate 
results for all ETS-heart disease stud¬ 
ies combined . 19 Choosing a point esti* 
mate of effect from a meta-analysis of all 
studies would yield about the same re¬ 
sult. The Helsing study considered as 
exposed those never-smokers living with 
current smokers or ex-smokers, and 
hence assumes that heart disease can 
result from current exposure (a short¬ 
term effect) or past exposure (a long¬ 
term effect) from ETS. This definition 
of exposure is the one used in most stud¬ 
ies of ETS and heart disease. 

Two adjustments were made to these 
RRs prior to their use in formula 2 above, 
following the methods outlined by Wald 
et al. 11 The first adjustment is for the 
possibility that some people (approxi¬ 
mately 7%) have been misclaasified as 
never-smokers, but are current or 
former Bmokers. Such miscla&sification 
is potentially a serious problem. How¬ 
ever, for heart disease this adjustment 
has bttle effect, largely because the heart 
disease RR for smokers compared with 
that for nonsmokers is relatively low 
(about 1.7). As a result of the adjust¬ 
ment, the RR for never-smoking men 
exposed to ETS decreased from 1.31 to 
1.29, while the RR of 1.24 for women 
decreased to L22. 


The second adjustment has a greater 
effect and adjusts for background ETS 
exposure outside the home. The refer¬ 
ent group of never-smokers bving with 
nonsmokers was not truly nonexpoeed 
to ETS. It can be assumed that the ref¬ 
erent group had an unknown increased 
rate of disease (6) compared with those 
truly nonexposed to any ETS. Never- 
smokers bving with smokers Bhowed 
about three times the cotinine as those 
bving with nonsmokers. 7 If the increased 
rate of disease for never-smokers bving 
with smokers should be about three 
times (36) that of never-smokers bving 
with nonsmokers but exposed to ETS 
outside the home (6), then according to 
formula 3, 

Observed RR = 1+36/1 + 6. 

Solving for 6 and using an observed RR 
of 1.29 for men, for male never-smokers 
bving with smoking spouses, the RR for 
IHD death compared with that for 
never-smokers with no exposure to ETS 
(no exposure at home, work, or social 
settings) is 1.51, while the RR for male 
never-smokers not bving with Bmoking 
spouses but exposed to background ETS 
at work or in social settings is 1.17 
(6~.17). The corresponding RRs for 
women are 1.37 and 1.12. These adjusted 
RRs are used in the calculation of the 
etiologic fraction (formula 2 above). 

Tba Fraction of Novor-Smokort 
Living With Smokars 

To calculate this fraction (the p in for¬ 
mula 2), data are taken from the never- 
smoking controls in four US case-con¬ 
trol studies of lung cancer and ETS, 
conducted in the late 1970 b and early 
19806.“ These studies involved 658 
men and 878 women, of whom 19% and 
55% had spouses who were smokers or 
ex-smokers. Age-specific exposure prev¬ 
alence was not available from these stud¬ 
ies. Age-specific data from 778 female 
controls in a recent US lung cancer case- 
control study (Elizabeth Fontham, PhD, 


written communication^ July 1991) tend 
to confirm the overall estimate for 
women and show bttle difference in the 
percentage exposed after the age of 45 
years. 

Approximately 75% of US adults are 
married.“The assumption made here is 
that the married and unmarried indi¬ 
viduals are alike regarding their poten¬ 
tial for exposure to ETS. Some data 
justify this assumption, based on uri¬ 
nary cotinine levels of single women. 1 

WD Rates Attributable to ETS 

Age-specific (at 5-year intervals) and 
•ex-specific IHD rates for US never- 
smokers were estimated using date from > 
four cohort studies: (1) the cohort study 
conducted by the American Cancer So¬ 
ciety* 6 (follow-up 1982 through. 1985): 
(Lawrence Garfinkel, MA, American 
Cancer Society, written communication, 
June 1990);; (2) the US veterans cohort 
study 17 (follow-up 1975 through 1980, 
men only) (Aaron Blair, PhD, National 
Cancer Institute, written communioa* 
tion, June 1991); (3) the Seventh-Day 
Adventist cohort study* (follow-up 1977 
through 1982) (Paul Mills, PhD, Loma 
Linda University, written comm urn ca¬ 
tion, June 1991), and the Nurses Health 
Study* (follow-up 1976 through 1988, 
women only) (Graham Colditi, MD, 
Nurses Health Study, written commu¬ 
nication, July 1991). To combine these 
rates, unweighted averages (three stud¬ 
ies per sex) were taken of the age- and 
•ex-specific rates, and direct standard¬ 
ization (with the 1980 US population as 
the standard) was used to create sum¬ 
mary rates for the three age categories 
in this review (<45, 45-64, 65 + years). 

Estimates of the age- and sex-specific 
number of never-smokers in the United 
States were obtained from the 1978 
through 1980 National Health Interview 
Surveys 40 (and Robert Brackbill, PhD, 
National Institute for Occupational 
Safety and Health, written, communi¬ 
cation, April 1991). 
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Multiplying these rates and popula¬ 
tion estimates by the etiology fraction; 
approximately 28 027 deaths among US 
never-smokers are estimated to have 
occurred annually in the 1980s as a re¬ 
sult of ETS exposure (Table 2). 

Similar data for former smokers who 
quit 15 or more years previously are sum¬ 
marized in Table 3, based on the assump¬ 
tion that they have approximately the 
same relative risk and proportions ex¬ 
posed as never-smokers. Also presented 
are attributable deaths under the assump¬ 
tion that former smokers who quit 5 or 
more years previously have the same risks 
from passive smoking as do never-smok- 
ers. These last data indicate how attrib¬ 
utable deaths increase under a variety of 
assumptions about the return of former 
smokers to baseline (never-smoker) risk. 
The final estimates of attributable deaths 
are presented as a range, assuming that 
the true number of ETS-attribut&ble 
IHD deaths among former smokers lies 
between the number derived in consid¬ 
ering only former smokers who quit more 
than 15 years previously and the number 
derived by considering former smokers 
with 5 or more years since quitting (Table 
3), Combining the above estimates, the 
overall estimate of ETS-attributabie heart 
disease deaths for never-smokers and 
former smokers is 35000 to 40000. 

IHD RtSK FOR NEVER-SMOKERS * 
LIVING WITH SMOKERS 

Individual excess risk of death for a 
never-smoker exposed to ETS can be 
derived using an RR estimate and con¬ 
verting rates for never-smokers to a cu- 
mulktive risk of IHD death by a given 


age, using formula 4 below, which ac¬ 
counts for competing causes of death* 1 : 

Ti 

Excess risk- ^(RR,-lk?r(0 
»' 

exp [-2(RR>-l)ty (t)*9*(7)] 

j m *> 

In formula 4 excess risk refers to cumu¬ 
lative excess risk of IHD death by the age 
of 74 years, q { is the IHD mortality rate 
for nonexpoeed (truly nonexposed, no 
ETS exposure in home or elsewhere), q, 
is the overall all<auses mortality rate for 
the nonexposed (here assumed to be the 
all-causes mortality rate for never- 
smokers) (age- and sex-specific data for 
1982 through 1984 provided by Lawrence 
Garfinkel, MA, American Cancer Soci¬ 
ety, written communication, June 1990), 
RR is the rate ratio for the exposed vs the 
nonexpoeed (assumed to be constant over 
age), and i and j index ages. Background 
risk for never-smokers may be calculated 
by omitting the terms using the RRs. An 
Axelson-type adjustment 42 was used to 
derive the background IHD rate for the 
trulynonexpoeed. The Axelaon technique 
consists of partitioning the overall IHD 
mortality rate for never-smokers into a 
weighted average of the rate for those 
with background exposure (the rate for 
the truly nonexpoeed times the RR for 
never-smokers with background ETS ex¬ 
posure) and the rate for thoee bving with 
smokers (the rate for the truly nonex¬ 
poeed times the RR for never-smokers 
living with smokers)] The resulting equa¬ 
tion may then be solved for the rate of 
thoee truly nonexpoeed. 


For a female never-smoker with no 
ETS exposure (truly nonexposed), the 
lifetime (to an average age of 79 years) 
risk of IHD death is 4.4%. The risk for 
a female never-smoker exposed to back¬ 
ground ETS exposure is 4.9%, while the 
risk for a female never-smoker living 
with a smoker is 6.1%. Corresponding 
results for men from age 30 to an average 
age of 74 years are 6.3%, 7.4%, and 
9.6% . These results should be viewed as 
crude estimates, given the multiple as¬ 
sumptions involved. These risks apply 
to long-term former amokere. 

The estimated increased risks of death 
from IHD due to ETS exposure are 
higher than those accepted in regulat¬ 
ing environmental toxins. For example, 
environmental limits for toxins are of¬ 
ten aet to limit the number of excess 
deaths resulting from exposure to one 
in 10 5 or one in 10 6 , 43 whereas the excess 
risks calculated are in the range of one 
to three per 100. There are currently no 
federal regulations regarding exposure 
to ETS, with the exception of regula¬ 
tion for domestic airline flights. 

CONCLUSION 

A number of assumptions are in¬ 
volved in estimating the heart disease 
mortality due to ETS, adding an unfor¬ 
tunate level of uncertainty . The most 
important assumption is that the rela¬ 
tive risks for ETS and heart disease, de¬ 
rived from the epidemiologic evidence, 
are reasonably accurate. The epidemio¬ 
logic results may be questioned; given 
the inherent uncertainties of any epide¬ 
miologic study. Differential misclassifi- 
cation of ever-smokers as never- 
amokere and uncontrolled confounding 
are possible explanations for the excess 
risk observed in the epidemiologic stud¬ 
ies. However, neither of these likely ac¬ 
counts for the observed risks. The epide¬ 
miologic data are strengthened because 
multiple studies now are consistent and 
reasonably well!designed. 

Considerable uncertainty is involved 
in extrapolating from the epidemiologic 
data, which consider the relative risks 
for never-smokers living with smokers, 
to estimating relative risks for thoee 
exposed to ETS (anywhere) vs those 
truly not exposed (anywhere). This lat¬ 
ter population of the truly nonexposed 
is largely hypothetical, in that virtually 
everyone is exposed to background lev¬ 
els. This extrapolation was made based 
on observed relative risks for ETS ex¬ 
posure at home and on urinary cotinine 
measurements, but is necessarily a crude 
estimate. If it were assumed that back¬ 
ground (not fromi spouse) exposure 
causes no increase in risk (ie, a thresh¬ 
old effect), then the number of annual 
IHD-attributable deaths (due solely to 
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exposure from & spouse) drops to about 
15000 to 19000. 

The above estimate of 35 000 to 40000 
IHD deaths attributable to ETS among 
never-smokers and former smokers is 
based on data from the early 1980s. Tbe 
current number of attributable deaths 
is likely to be lower, given the declining 
prevalence of smoking, declining heart 
disease mortality, and the increased so¬ 
cietal trend to limit exposure to ETS. 

One prior risk assessment of ETS and 
heart disease exists, using methods sim¬ 
ilar to thoee used here. Wells 44 estimated 
that in the United States in 1985 there 
were 32000 heart disease deaths among 
nonsmokers (never-smokers and former 
smokers) attributable to ETS. His esti¬ 
mate is surprisingly dose to the one pre¬ 
sented herein, despite the fact that he 
used different data and assumptions in 
his estimate. Wells included all former 
smokers in the population at risk far ETS- 
induced heart disease, while my discus¬ 
sion is restricted to never-smokers and 
former smokers with at least 5 years since 


quitting. Wells extrapolated American 
Cancer Society data from the 1960s for 
heart disease rates among never-smok¬ 
ers to estimate these rates for the 19806. 
I have used never-smoker heart disease 
rates from four cohort studies in the 1970 b 
and 1980s. Wells used a different proce¬ 
dure to estimate the prevalence and ef¬ 
fect of exposure outside the home. 

In this article the assumption has been 
made that never-smokers living with cur¬ 
rent or former smokers have an increased 
risk of heart disease. That is, both short¬ 
term and long-term effects of ETS on the 
heart have been assumed. This assump¬ 
tion agrees with the epidemiologic evi¬ 
dence, which in most studies has defined 
exposure as living with a current smoker 
or an ex-smoker. If one were to assume 
the effect of ETS on the heart were only 
short-term (eg, via an increase in COHb), 
then one would have to use RRs from 
studies in which exposure is defined as 
living with a current smoker. There are 
two US studies using this definition of 
exposure. 12 ' 16 Both show a higher RR for 


exposed vs nonexposed (approximately 
1.6) than the one assumed here (1.2 to 
1.3); However, these studies have hmi- 
tatkms for use in calculating attributable 
risk One u included only women and the 
outcome was based on all circulatory dis¬ 
ease (including stroke), not IHD. The 
other 16 included only men at high risk of 
heart disease. 

In conclusion, assuming the epidemi¬ 
ologic evidence is valid and assuming 
our estimate of 35000 to 40000 annual 
excess heart disease deaths among 
never-smokers and long-term former 
smokers due to passive smoking is cor¬ 
rect, then heart disease mortality is com 
tributing the bulk of the public health 
burden imposed by passive smoking 
Lung cancer, the previous main culprit, 
has been estimated to cause approxi¬ 
mately 3000 excess deaths per year 
among never-smokers. 

Comment* on aarber version* of the roanusmpt 
were kindly provided by Dn Judson Wells, Peter 
Gann, Lathe Stayner, Lewi* Kuller, *nd Thomas 
Robins. 
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C igarette smoking was identified by the Surgeon 
General in 1982 and 1983 as the most impor¬ 
tant modifiable risk factor for cancer and 
chronic heart disease in the United States. 1 - 2 Recent 
studies have implicated exposure to environmental to¬ 
bacco smoke as a significant risk factor for the develop¬ 
ment of lung cancer and heart disease. Because more 
information on environmental tobacco smoke is now 
available, its health effects are reviewed in this report, 
with a major emphasis on the relation of environmental 
tobacco smoke to cardiovascular disease. 

Cigarette smoking has a significant effect on the 
health of Americans, and is a major cause of cardiovas¬ 
cular disease. 3 Cardiovascular disease attributable to 
voluntary cigarette smoking accounts for about as many 
deaths each year as chronic obstructive pulmonary 
disease and lung cancer deaths combined; In 1988 
approximately 430,000 deaths in adults aged 35 and 
older were attributed to the intentional inhalation of 
tobacco smoke. This number included 201,000 deaths 
due to cardiovascular disease, 112,000 due to lung 
cancers, 83,000 due to chronic lung disease (including 
pneumonia, influenza, bronchitis, emphysema, chronic 
airway obstruction, and other respiratory diseases), and 
31,000 due to other cancers. 4 It has also been estimated 
that an additional 3,800 lung cancer deaths 4 and 37,000 
cardiovascular deaths occurred in nonsmokers who had 
been exposed to environmental tobacco smoke. 5 An 
additional 2^00 perinatal deaths were estimated to 
have occurred because of maternal smoking, and about 
1,300 deaths resulted from bums related to smoking. 4 

Although the existing epidemiological studies on can¬ 
cer deaths associated with environmental tobacco 
smoke may be subject to questions about sample size, 
exposure, experimental design, and differing lifestyles 
of populations, sufficient information has been pub¬ 
lished to implicate environmental tobacco smoke as a 
definite health hazard. The 1986 Surgeon General's 
report concluded that involuntary smoking is a cause of 
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disease, including lung cancer, in healthy nonsmokers, 
and it was postulated that approximately 3,000-4,000 
nonsmokers exposed to environmental tobacco smoke 
die of lung cancer each year. 6 The report also concluded 
that children whose parents smoke have an increased 
frequency of respiratory infections, increased symptoms 
of respiratory problems,- and slightly smaller rates of 
increase in lung function as the lung matures compared 
with children of nonsmoking parents. At the time of the 
report, environmental tobacco smoke could not be 
definitely linked to cardiovascular disease. However, 
since 1986 several studies have been published docu¬ 
menting a link between environmental tobacco smoke, 
cancer, 7 and heart disease. 5 -* The Environmental Pro¬ 
tection Agency has also done an extensive study of the 
effects of environmental tobacco smoke on lung cancer. 

Environmental Tobacco Smoke 

Burning cigarettes emit two types of smoke: main¬ 
stream smoke, which is the smoke directly inhaled into 
the smoker's lungs, and sidestream smoke, which is the 
smoke emitted into the air from the burning cigarette 
between puffs. Environmental tobacco smoke is about 
85% sidestream and 15% exhaled mainstream smoke. 
More than 4,000 chemicals, including at least 40 carcin¬ 
ogens, are contained in environmental tobacco smoke. 9 
Many toxic constituents are found in higher concentra¬ 
tions in sidestream than in mainstream smoke. 5 For 
example, in sidestream smoke there is about five times 
as much carbon monoxide (which decreases the ability 
of hemoglobin to cany oxygen to the tissues), three 
times as much benzopyrene (a tumor- and plaque- 
producing compound), and 50 times as much ammonia 
(an eye and respiratory irritant) as is inhaled directly 
from a cigarette. The difference is because the cigarette 
bums at a higher temperature during inhalation, lead¬ 
ing to more complete combustion, and filters also screen 
some of these toxic compounds. 

Those in close proximity to someone smoking a 
cigarette are exposed to smoke not only while the 
cigarette is lit but continue to inhale smoke that has 
mixed with air long after the cigarette is extinguished. 
Environmental tobacco smoke can persist in indoor 
environments for many hours after cessation of smok¬ 
ing, the time depending on ventilation and the mixing of 
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room air with uncontaminated air. 10 To conserve en¬ 
ergy, building ventilation rates are sometimes de¬ 
creased, causing levels of smoke to increase in work¬ 
place environments, and in many homes ventilation of 
smoke to the outside is minimal. 

Risk to Nonsmokers from Environmental 
Tobacco Smoke 

The relative risk of developing lung cancer has been 
estimated to be 1.3 for nonsmokers exposed to environ¬ 
mental tobacco smoke at borne compared with non- 
smokers with no exposure to environmental tobacco 
smoke. 7 - 10 * 12 Active smoking has a relative risk factor for 
cancer of about 10. 1 Average workplace exposures to 
environmental tobacco smoke are estimated to increase 
lung cancer risk twofold because environmental tobacco 
smoke exposures are generally higher at the workplace 
than at home. 12 Despite the difficulty of interpreting 
epidemiological studies of exposure levels in the home 
and workplace, several recent studies demonstrate a 
definite link between cardiovascular deaths in nonsmok¬ 
ers exposed to environmental tobacco smoke. Glantz 
and Pannlcy 5 reviewed 10 of these studies, showing that 
men and women nonsmokers exposed to environmental 
tobacco smoke at home had an overall cardiovascular 
relative risk factor of 1.3. This compares to a relative 
risk factor of 1.7 for smokers compared with nonsmok¬ 
ers. 2 Kawachi et aP 3 predicted an even higher relative 
risk factor for workplace exposures of nonsmokers to 
environmental tobacco smoke. 

Repace and Lowrey* evaluated eight studies in which 
the number of lung cancer deaths of nonsmokers ex¬ 
posed to environmental tobacco smoke averaged 
5,000^2,400 (meanrstandard deviation) per year. As¬ 
suming that the ratio of lung cancer to heart disease 
deaths is the same with environmental tobacco smoke 
exposure as for voluntary smoking, approximately 
10,000 deaths of nonsmokers exposed to environmental 
tobacco smoke would be expected to occur per year. 
However, this simple estimate does not include many 
aspects of environmental tobacco smoke exposure, such 
as the amount of environmental tobacco smoke expo¬ 
sure in the workplace and home, the number of persons 
exposed to environmental tobacco smoke, and the type 
and amount of smoke exposure. In fact, studies to 
evaluate these factors indicate that environmental to¬ 
bacco smoke causes a higher risk of heart disease than 
predicted by this simple estimate. 

Recently, Steenland* performed extensive analyses of 
the available literature on the cardiovascular effects of 
environmental tobacco smoke and predicted that isch¬ 
emic heart disease could cause as many as 15,000- 
19,000 deaths yearly of nonsmokerc due solely to envi¬ 
ronmental tobacco smoke from their spouses. Steenland 
also predicted an overall number of deaths due to 
environmental tobacco smoke-related cardiovascular 
disease of 35,000-40,000 yearly, a number similar to the 
number of deaths estimated by Glantz and Parmley s 
and Wells. 14 Because the risk of coronary artery disease 
increases markedly with the number of risk factors, 1313 
nonsmokers with hypertension or hypercholesterolemia 
and exposed to environmental tobacco smoke are likely 
to be at even greater risk of developing cardiovascular 
disease. It is well known that the risk of coronary heart 
disease caused by voluntary smoking decreases by about 


half after 1 year of smoking cessation and after several 
years approaches that of people who have never 
smoked. 14 Similar health benefits should occur in pre¬ 
viously environmental tobacco smoke-exposed non¬ 
smoking individuals when environmental tobacco smoke 
is removed from the environment in which they work 
and live. 1 

Exposure to Environmental Tobacco Smoke 

Although the proportion of smokers in the United 
States is decreasing, 32% of men and 27% of women 
aged 20 and older smoke cigarettes. 17 These smokers 
will! expose a vast number of nonsmokers to environ¬ 
mental tobacco smoke, and it has been estimated that 
approximately 50 million nonsmoking adults over age 35 
arc regularly exposed to environmental tobacco 
smoke. 17 Additionally, we estimate that 50% of all 
children live in families with one or more smokers. In a 
survey conducted in 1979-1980, 63% of nonsmokers 
reported being exposed to environmental tobacco 
smoke for more than 1 hour per week, 35% were 
exposed to environmental tobacco smoke for more than 
10 hours per week, and 16% were exposed to environ¬ 
mental tobacco smoke for at least 40 hours per week. 10 
It is likely that exposure of nonsmokers to environmen¬ 
tal tobacco smoke has decreased in recent years because 
of the increased public awareness of the hazards of 
environmental tobacco smoke, increased restrictions on 
smoking areas, and better ventilation of the workplace. 
The public has now begun to understand the detrimen¬ 
tal health effects of environmental tobacco smoke expo¬ 
sure, but this increased awareness has not eliminated 
exposure to environmental tobacco smoke of spouses 
and children living in a smoker's home or that occurring 
in some workplaces and public buildings. 

Cardiovascular Effects of Environmental 
Tobacco Smoke 

Environmental tobacco smoke produces acute effects 
on cardiovascular function in human studies. In subjects 
with stable angina, environmental tobacco smoke in¬ 
creases resting heart rate, blood pressure, and blood 
carboxyhemoglobin, and reduces the duration of exer¬ 
cise that induces angina. 1030 Environmental tobacco 
smoke also produces adverse effects on the exercise 
performance of healthy people. 21 Several studies have 
found increases in the incidence of nonfatal bean 
disease, including angina and myocardial infarction, 
among nonsmokers exposed to environmental tobacco 
smoke. 2133 

A few small sample cases show direct involvement 
between environmental tobacco smoke and peripheral 
vascular disease. For example, Bocanegra and Es¬ 
pinoza 24 reported Raynaud's phenomenon in two suc¬ 
cessive wives of a chain-smoker. The symptoms of both 
nonsmokers, as would be expected, subsided after they 
were no longer exposed to environmental tobacco 
smoke. Cigarette smoking is a major, preventable risk 
factor that promotes atherosclerotic peripheral vascular 
disease, 1 * 2 and it is likely that environmental tobacco 
smoke also increases the risk for peripheral vascular 
disease, although the latter hypothesis remains to be 
studied. 
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Mechmisms of Inducing Cardiovascular Disease 

Nicotine, the drug in tobacco that causes addiction, 
produces acute increases in heart rate and blood pres¬ 
sure. 25 Cigarette smoking has been shown to increase 
platelet aggregation and cause endothelial cell dam¬ 
age. 26-2 * Polycyclic aromatic hydrocarbons present in 
smoke (for example, benzo[a]pyrene) are capable of 
inducing and accelerating the development of athero¬ 
sclerosis. 29 - 30 Exposure to environmental tobacco smoke 
will also increase carbon monoxide levels in red blood 
cells. Studies indicate that increased carbon monoxide 
levels in humans result in a more rapid onset of angina 31 
and increased arrhythmias 32 in exercising nonsmokers. 
A recent study indicates that environmental tobacco 
smoke sensitizes circulating neutrophils in humans and 
may cause their subsequent activation and oxidant- 
mediated tissue damage, leading to carcinogenesis and 
atherosclerosis. 33 It is likely that these and more yet-to- 
be-identified mechanisms are involved in increasing the 
risk of heart disease in persons exposed to environmen¬ 
tal tobacco smoke. 

Potential for Prevention 

Although regulation of tobacco products is specifi¬ 
cally prohibited under the Federal Hazardous Sub¬ 
stances Act, many actions have been taken to protea 
the health of nonsmokers. For example, cigarette smok¬ 
ing has been banned from air flights in the 48 contiguous 
states; and as of March 1991, laws restria smoking in 
public places in 46 states, in public-sector workplaces in 
38 states, and in private-seaor workplaces in 17 states. 34 
Many hospitals, health care facilities, and private and 
public workplaces are smoke-free. The benefit of re¬ 
stricting smoking in buildings and workplaces is obvious, 
but the effect of a greater awareness of the importance 
of reducing environmental tobacco smoke in the home 
has not been evaluated. 

The final conclusion of the 1986 Surgeon General's 
Report was that separating the smokers and nonsmok¬ 
ers within the same air space may reduce but docs not 
e limin ate the exposure of nonsmokers to environmental 
tobacco smoke. Attempts to control tobacco smoke by 
increasing room ventilation can be futile, and the only 
sure way to protea nonsmokers from environmental 
tobacco smoke is to eliminate smoking from areas that 
they share with-nonsmokers- Environmental tobacco 
smoke must now be considered an environmental toxin 
from which the public and workers should be proteaed. 
Thus, it is the responsibility of the employer to protect 
workers, and of public building managers, to protea the 
public from environmental tobacco smoke exposure. It 
is the responsibility of parents to ensure that their 
children are not exposed to environmental tobacco 
smoke in the home, and the responsibility of everyone 
to eliminate this health hazard from the environment. 3 

Summary 

Although the number of cardiovascular deaths asso¬ 
ciated with environmental tobacco smoke cannot be 
predicted with absolute certainty, the available evi¬ 
dence indicates that environmental tobacco smoke in¬ 
creases the risk of heart disease. The effects of environ¬ 
mental tobacco smoke on cardiovascular function, 
platelet function, neutrophil function, and plaque for¬ 


mation are the probable mechanisms leading to heart 
disease. The risk of death due to heart disease is 
increased by about 30% among those exposed to envi¬ 
ronmental tobacco smoke at home and could be much 
higher in those exposed at the workplace, where higher 
levels of environmental tobacco smoke may be present. 
Even though considerable uncertainty is a part of any 
analysis on the health affects of environmental tobacco 
smoke because of the difficulty of conducting long-term 
studies and selecting sample populations, an estimated 
35,000-40,000 cardiovascular disease-related deaths 
and 3,000-5,000 lung cancer deaths due to environmen¬ 
tal tobacco smoke exposure have been predicted to 
occur each year. 

The AHA’s Council on Cardiopulmonary and Criti¬ 
cal Care has concluded that environmental tobacco 
smoke is a major preventable cause of cardiovascular 
disease and death. The council strongly supports efforts 
to eliminate all exposure of nonsmokers to environmen¬ 
tal tobacco smoke. This requires that environmental 
tobacco smoke be treated as an environmental toxin, 
and ways to protea workers and the public from this 
health hazard should be developed. According to a 1989 
Gallup survey commissioned by the American Lung 
Association, 86% of nonSmokers think that environ¬ 
mental tobacco smoke is harmful and 77% believe that 
smokers should abstain in the presence of nonsmokers. 
However, progr ams aimed at further educating the 
public about the cardiovascular effects on nonsmokers 
of exposure to environmental tobacco smoke must be 
strengthened and remain a major component of the 
AHA mission. A smoke-free environment in the home, 
public buildings, and workplace should be the goal of 
society. 
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parents smoke, a stronger relationship exists than if only one parent 
smokes. 

What future respiratory burden these findings may represent for 
these children later in life is not known. As a former pediatric 
surgeon* I strongly urge parents to refrain from smoking in the 
presence of children as a means of protecting not only their 
children’s current health status but alfeo their own. 

Diseases Other Than Lung Cancer 

Several studies have provided data on the relationship between 
ETS and cancers other than lung cancer and on ETS exposure and 
cardiovascular disease. However, further research in these areas will 
be required to determine whether an association exists between ETS 
exposure and an increased risk of developing these diseases. 

Policies Restricting Smoking in Public Places 

The growth in our understanding of the disease risk associated 
with involuntary smoking has been accompanied by a change in the 
social acceptability of smoking and by a growing body of legislation, 
regulation, and voluntary action that addresses where smoking may 
occur in public. Forty States and the District of Columbia now have 
some form oflegislation controlling or restricting smoking in various 
public settings. Some States limit smoking to only a few designated 
areas; however, States are increasingly developing and implement¬ 
ing comprehensive legislation that restricts smoking in many public 
settings, including the workplace. Nine States have restrictions that 
cover smoking not only by public employees but also by employees in 
the private sector. 

No systematic evaluation of the effects these measures may have 
on smoking behavior has been conducted, but there is little doubt 
that strong public sentiment exists for implementing such restric¬ 
tions. A number of national surveyB conducted by voluntary health 
organizations, government agencies, and even the tobacco industry 
have documented that an overwhelming majority of both smokers 
and nonsmokers support restricting smoking in public. 

Public Health Policy and Involuntary Smoking 

The 1986 Surgeon General's Report on the Health Consequences of 
Involuntary Smoking clearly documents that nonsmokers are placed 
at increased risk for developing disease as the result of exposure to 
environmental tobacco smoke. 

Critics often express that more research is required, that certain 
studies are flawed, or that we should delay action until more 
conclusive proof is produced. As both a physician and a public health 
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Cigarette smoke is well established as a human carcinogen. The 
chemical composition of ETS is qualitatively similar to mainstream 
smoke and sidestream smoke and also acts as a carcinogen in 
bioassay systems. For many nonsmokers, the quantitative exposure 
to ETS is large enough to expect an increased risk of lung cancer to 
occur, and epidemiologic studies have demonstrated an increased 
lung cancer risk with involuntary smoking. In examining a low-do6e 
exposure to a known carcinogen, it is rare to have such an 
abundance of evidence on which to make a judgment, and given this 
abundance of evidence, a clear judgment can now be made: exposure 
to ETS is a cause of lung cancer. 

The data presented in this Report establish that a substantial 
number of the lung cancer deaths that occur among nonsmokers can 
be attributed to involuntary smoking. However, better data on the 
extent and variability of ETS exposure are needed to estimate the 
number of deaths with confidence. 


Respiratory Disease 

Acute and chronic respiratory diseases have also been linked to 
involuntary exposure to tobacco smoke; the evidence is strongest in 
infants. During the first 2 years of life, infants of parents who smoke 
are more likely than infants of nonsmoking parents to be hospital¬ 
ized for bronchitis and pneumonia. Children whose parents smoke 
also develop respiratory symptoms more frequently, and they show 
small, but measurable, differences on tests of lung function when 
compared with children of nonsmoking parents. 

Respiratory infections in young children represent a direct health 
burden for the children and their parents; moreover, these infec¬ 
tions, and the reductions in pulmonary function found in the school- 
age children of smokers, may increase susceptibility to develop lung 
disease as an adult. 

Several studies have reported small decrements in the average 
level of lung function in nonsmoking adults exposed to ETS. These 
differences may represent a response of the lung to chronic exposure 
to the irritants in ETS, but it seems unlikely that ETS exposure, by 
itself, is responsible for a substantial number of cases of clinically 
significant chronic obstructive lung disease. The small magnitude of 
the changes associated with ETS exposure suggests that only 
individuals with unusual susceptibility would be at risk of develop¬ 
ing clinically evident disease from ETS exposure alone. However, 
ETS exposure may be a factor that contributes to the development of 
clinical disease in individuals with other causes of lung injury. 


Cardiovascular Disease 

A few studies have examined the relationship between involun¬ 
tary smoking and cardiovascular disease, but no firm conclusion on 
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the relationship can be made owing to the limited number of deaths 
in the studies. 

Irritation 

Perhaps the most common effect of tobacco smoke exposure is 
tissue irritation. The eyes appear to be especially sensitive to 
irritation by ETS, but the nose, throat, and airway may also be 
affected by smoke exposure. Irritation has been demonstrated to 
occur at levels that are similar to those found in real-life situations. 
The level of irritation increases with an increasing concentration of 
smoke and duration of exposure. In addition, participants in surveys 
report irritation and annoyance due to smoke in the environment 
under real-life conditions. 


Determinants of Exposure 

Exposure to ETS has been documented to be common in the 
United States, but additional data on the extent and determinants of 
exposure are needed to identify individuals within the population 
who have the highest exposure and are at greatest risk. Studies with 
biological markers and measurements of ETS components in indoor 
air confirm that measurable exposure to ETS is widespread. How¬ 
ever, within exposed populations, levels of cotlnine excretion and 
presumably ETS exposure vary greatly. 

In a room or other indoor area, the size of the space, the number of 
smokers, the amount of ventilation, and other factors determine the 
concentration of tobacco smoke in the air. The technology for the 
cost-effective filtration of tobacco smoke from the air is not currently 
available, and because of their small size, the smoke particles remain 
suspended in the air for long periods of time; thus, the only way to 
remove smoke from indoor air is to increase the exchange of indoor 
air with clean outdoor air. The number of air changes per hour 
required to maintain acceptable indoor air quality is much higher 
when smoking is allowed than when smoking is prohibited. 

Environmental tobacco smoke originates at the lighted tip of the 
cigarette, and exposure to ETS is greatest in proximity to the 
smoker. However, the smoke rapidly disseminates throughout any 
airspace contiguous with the space in which the smoking is taking 
place. Dissemination of smoke is not uniform, and substantial 
gradients in ETS levels have been demonstrated in different parts of 
the same airspace. The time course of tobacco smoke dissemination 
is rapid enough to ensure the spread of smoke throughout an 
airspace within an 8-hour workday. In the home, the presence of 
even one smoker can significantly increase levels of respirable 
suspended particulates. 

These data lead to the conclusion that the simple separation of 
smokers and nonsmokers within the same airspace will reduce, but 

11 




Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511968 





for parental smoking and childhood cancer is also not clear, and 
evaluation of this association is made difficult by the various 
definitions of exposure that have been used, including maternal and 
paternal smoking before, during, and after the pregnancy. Mothers 
and fathers who smoke during a pregnancy generally smoked before 
the conception and continue to smoke after the pregnancy. Thus, an 
effect of involuntary smoking after birth cannot readily be distin¬ 
guished from genetic or transplacentally mediated effects. 


Cardiovascular Diseases 

A causal association between active cigarette smoking and cardio¬ 
vascular disease is well established (US DHHS 1983). The relation¬ 
ship between cardiovascular disease and involuntary smoking has 
been examined in one case-control study and three prospective 
studies. In the case-control study by Lee and colleagues (1986), 
described previously, ischemic heart disease cases and controls did 
not show a statistically significant difference in their exposure to 
involuntary smoking, based on the smoking habits of spouses or on 
an index accounting for exposure at home, at work, and during 
travel and leisure. In the Japanese cohort study, Hirayama (1984b, 
1986) reported an elevated risk for ischemic heart disease (N*=494) 
in nonsmoking women married to smokers.* The standardized 
mortality ratios when the husbands were nonsmokers, ex-smokers or 
smokers of 19 or more cigarettes per day, and smokers of 20 or more 
cigarettes per day were 1.0, 1.10, and 1.31, respectively (one-sided p 
for trend, 0.019)^ 

In the Scottish followup study (Gillis et al. 1984)' nonsmokers not 
exposed to tobacco smoke were compared with nonsmokers exposed 
to tobacco smoke with respect to the prevalence of cardiovascular 
symptoms at entry and mortality due to coronary heart disease. 
There was no consistent pattern of differences in coronary heart 
disease or symptoms between nonsmoking men expoeed to tobacco 
smoke and their nonexposed counterparts. Nonsmoking women 
exposed to tobacco smoke exhibited a higher prevalence of angina 
and major EGG abnormality at entry, and also a higher mortality 
rate for all coronary diseases. However, rates of myocardial infarc¬ 
tion mortality were higher for exposed nonsmoking men and women 
compared with the nonexposed nonsmokers. The rates were 31 and 4 
per 10,000, respectively, for the nonexposed nonsmoking men and 
women, and 45 and 12 per 10,000, respectively, for the exposed 
nonsmoking men and women. None of the differences were tested for 
statistical significance. 

In the Japanese and the Scottish studies, other known risk factors 
for cardiovascular diseases, i.e., systolic blood pressure, plasma 
cholesterol, were not accounted for in the analysis. 
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In a study of heart disease, Garland and coworkers (1985) enrolled 
82 percent of adults aged 50 to 79 between 1972 and 1974 in & 
predominantly white, upper-middle-class community in San Diego, 
California. Blood pressure and plasma cholesterol were measured at 
entry, and all participants responded to a standard interview that 
asked about smoking habits, history of heart disease, and other 
health-related variables. Excluding women who had a previous 
history of heart disease or stroke or who had ever smoked, 695 
currently married nonsmoking women were classified by their 
husbands* self-reported smoking status at enrollment After 10 years 
of followup, there were 19 deaths due to ischemic heart disease; the 
age-standardized mortality rates for nonsmoking wives whose hus¬ 
bands were nonsmokers, ex-smokers, and current smokers were 1.2, 
3.6, and 2.7, respectively (one-sided p for trend, <0il0). After 
adjustment for age, systolic blood pressure, total plasma cholesterol, 
obesity index, and years of marriage, the relative risk for death due 
to ischemic heart disease for women married to current or former 
smokers at entry compared with women married to never smokers 
was 2.7 (one-sided p <0.10). 

The study’s findings are not convincing from the point of view of 
sample stability. The total number of deaths due to ischemic heart 
disease was small, and the denominator in the relative risk 
calculation is unstable, based on the deaths of two women whose 
husbands had never smoked. Moreover, it is well established that the 
risk of coronary heart disease is substantially lower among those 
who have stopped smoking (US DHHS 1983), although the amount of 
time required for this change after cessation of smoking is not clear 
(Kannel 1981). In this study, 15 of 19 deaths occurred in nonsmoking 
women married to husbands who had stopped smoking at entry, and 
the age-standardized rate for ischemic heart disease was highest in 
this group. The high proportion of deaths in nonsmoking women 
married to men who became ex-smokers implies that the excess 
resulted from a sustained effect of involuntary smoking. More 
detailed characterizations of exposure to ETS and specific types of 
cardiovascular disease associated with this exposure are needed 
before an effect of involuntary smoking on the etiology of cardiovas¬ 
cular disease can be established. 

One study (Aronow 1978a, b) suggested that involuntary smoking 
aggravates angina pectoris. This study was criticized because the end 
point, angina, was based on subjective evaluation^ and because other 
factors such as stress were not controlled for (Coodley 1978; Robinson 
1978; Waite 1978; Wakehan 1978)j More important, the validity of 
Aronow’s work has been questioned (Budiansky 1983). 
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Conclusions 

1. Involuntary smoking can cause lung cancer in nonsmokers. 

2 . Although a substantial number of the lung cancers that occur 
in nonsmokers can be attributed to involuntary smoking, more 
data on the dose and distribution of ETS exposure in the 
population are needed in order to accurately estimate the 
magnitude of risk in the U.S. population. 

3. The children of parents who smoke have an increased frequen¬ 
cy of hospitalization for bronchitis and pneumonia during the 
first year of life when compared with the children of nonsmok¬ 
ers. 

4. The children of parents who smoke have an increased frequen¬ 
cy of a variety of acute respiratory illnesses and infections, 
including chest illnesses before 2 years of age and physician- 
diagnosed bronchitis, tracheitis, and laryngitis, when com¬ 
pared with the children of nonsmokers. 

5. Chronic cough and phlegm are more frequent in children 
whose parents smoke compared with children of nonsmokers. 
The implications of chronic respiratory symptoms for respira¬ 
tory health as an adult are unknown and deserve further 
study. 

6. The children of parents who smoke have small differences in 
tests of pulmonary function when compared with the children 
of nonsmokers. Although this decrement is insufficient to 
cause symptoms, the possibility that it may increase suscepti¬ 
bility to chronic obstructive pulmonary disease with exposure 
to other agents in adult life, e.g., active smoking or occupation¬ 
al exposures, needs investigation. 

7. Healthy adults exposed to environmental tobacco smoke may 
have small changes on pulmonary function testing, but are 
unlikely to experience clinically significant deficits in pulmo¬ 
nary function as a result of exposure to environmental tobacco 
Bmoke alone. 

8. A number of studies report that chronic middle ear effusions 
are more common in young children whose parents smoke than 
in children of nonsmoking parents. 

9. Validated questionnaires are needed for the assessment of 
recent and remote exposure to environmental tobacco smoke in 
the home, workplace, and other environments. 

10. The associations between cancers, other than cancer of the 
lung, and involuntary smoking require further investigation 
before a determination can be made about the relationship of 
involuntary smoking to these cancers. 

11. Further studies on the relationship between involuntary 
smoking and cardiovascular disease are needed in order to 




ro 

o 

lo¬ 

co- 

U\ 

CD 


y 

* 

5? 


107 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 






Source: https://www.i 


2023511972 






.ucsf.edu/docs/ljpx0000 


108 








fek of 


References 

ABEL, E.L Smoking during pregnancy: A review of effect* on growth and develop- 
ment of offspring. Human Biology 52(4*593-625, December 1980. 

ADLKOFER, F., SCHERER, G., Von HEES, U. Passive smoking. Getter). New 
England Journal of Medicine 312(11*719-720, March 14,1985. 

AKIBA, S., KATO, H., BLOT, WJ. Passive smoking and lung cancer among Japanese 
women Cancer Research 46(9*4804-4807, September 1986. 

ARONOW, W.S. Effect of passive smoking on angina pectoris. New England Journal 
of Medicine 299(1*21-24, July 6,1978a. 

ARONOW, WS. Effects of passive smoking. Getter). New England Journal of Medicine 
299(16):897, October 19,1978b. 

BACKHOUSE, Cl: Peak expiratory flow in youths with varying cigarette smoking 
habits. British Medical Journal 1(5954*360-362, February 15,1975. 

BARRON, B.A, The effects of miaclassification on the estimation of relative risk 
Biometries 33(2*414-418, June 1977. 

BECK, GJ., DOYLE, CA., SCHACHTER, E.N. Smoking and lung function. American 
Review of Respiratory Disease 123(2):149-155, February 1981. 

BERKEY, C&, WARE, J.H„ DOCKERY, D.W., FERRIS, B G., Jr., SPEIZER, F.E. 
Indoor air pollution and pulmonary function growth in preadoleacent children. 
American Journal of Epidemiology 123(2*250^260, February 1986. 

BEWLEY, B.R., HALIL, T., SNAJTH, A.H. Smoking by primary schoolchildren: 
Prevalence and associated respiratory symptoms. British Journal of Preventive 
and Social Medicine 27(3):150-153, August 1973. 

BLACK, N. The aetiology of glue ear A case-control study. International Journal of 
Pediatric Otorhinolaryngology 9(2*121^133, July 1985. 

BLAND, M., BEWLEY, B.R., POLLARD, V., BANKS, M.H. Effect of children’s and 
parents’ smoking on respiratory symptoms. Archives of Disease in Childhood 
53(2*100-105, February 1976, 

BLOT, W.J., McLAUGHLIN; J.K. Practical issues in the design and conduct of case- 
control studies: Use of next-of-kin interviews. In: Blot, WJ., Hirayama, T., Huel, 
O.G. (eds). Statistical Issues in Cancer Epidemiology . Hiroshima, Sanei Publishers, 
1985, pp. 46-62. 

BRINTON, LA., BLOT, WJ., BECKER, J.A., WINN, D.M., BROWDER, J.P., 
FARMER, J.C., Jt m; FRAUMENI, J.F., Jr. A case-control study of cancers of the 
nasal cavity and paranasal sinus. American Journal of Epidemiology 119(6*896- 
906, June 1984 

BRUNEKREEF, B., FISCHER, P., REMUN, B., VAN DER LENDE, R., SCHOUTEN, 
J., QUANJER, P. Indoor air pollution and its effect on pulmonary fun tion of adult 
nonsmoking women: 3. Passive smoking and pulmonary function. International 
Journal of Epidemiology 14(2*227-230, June 1985) 

BRUNNEMANN, K.D., ADAMS, J.D, HO, D.P.S., HOFFMANN, D. The influence of 
tobacco smoke on indoor atmospheres: 2. Volatile and tobacco-specific nitrosa- 
naines in main- and sidestream smoke and their contribution to indoor pollutioni 
Proceedings of the Fourth Joint Conference on Sensing of Environmental Pollu¬ 
tants, New Orleans, 1977. American Chemical Society, 1978, pp. 876-880. 

BUDIANSKY, S. Food and drug data fudged. Nature 302(5909*560, April 14, 1983. 

BURCH, PJLJ. Passive smoking and lung cancer. Getter). Britijh Medical Journal 
282(6273*1393, April 25,1981. 

BURCH, P.RJ. Lifetime passive smoking and cancer risk. Getter). Lancet 1(8433*866, 
April 13,1985. 

BURCH, P.RJ. Passive smoking in adulthood and cancer risk. Getter). American 
Journal of Epidemiology 123(2*366-369, February 1986. 


109 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511973 



BUKCHFIEL, CM.. HIGGINS, M.W., KELLER, JR., HOWATT, WE, BUTLER, Wj., 
HIGGINS, I.T.T. Passive smoking in childhood; Respiratory condition* gad 
pulmonary function in Tecumseh, Michigan. American Review of Respiratory 
Disease 133(6)366-973. June 1986. 

BURROWS, B., KNUDSON, RJ-, CLINE, M.G., LEBOWITZ, M.D. <*uanlitativ« 
relationships between cigarette smoking and ventilatory functioni American 
Review of Respiratory Disease 115(2); 195-205; February 1977. 

BURROWS, B., KNUDSON, RJ., LEBOWITZ, M.D. The relationship of childhood 
respiratory illness to adult obstructive airway disease. American Review of 
Respiratory Disease I15(5):751-760, May 1977. 

CAMERON, P., KOSTIN; JR, ZAKS, JM., WOLFE, J.H., TIGHE, G., OSELETT, B:, 
STOCKER, R., WINTON, J. The health of smokers’ and nonsmokers' children. 
Journal of Allergy 43(6);336-341, June 1969. 

CHAN, W;C, COLBOURNE, U J., FUNG, S.C., HO, H C. Bronchial cancer in Hong 
Kong 1976-1977. British Journal of Cancer 39(2):182-192, February 1979. 

CHAN, W.C., FUNG, S.C. Lung cancer in nonsrDokers in Hong Kong. In; Grundmann, 
E., Clemmesen, J., Muir, CR (ads) Geogrophuxt/ Pathology in Cancer 
Epidemiology. Cancer Campaign; Vol 6. New York, Gustav Fischer Verlag, 1982, 
pp. 199-202. 

CHARLTON; A. Children’s coughs related to parental smoking. British Medical 
Journal 288(6431U647-1649, June 2,1984. 

CHEN, Y., LI, W.-X. The effect of passive smoking on children’s pulmonary function 
in Shanghai American Journal of Public Health 76(5);515-518, May 1986. 

COLLEY, JR.T. Respiratory disease in childhood. British Medical Bulletin 23{1Y3-1A, 
January 1971. 

COLLEY, JR.T. Respiratory symptoms in children and parental smoking and phlegm 
production. British Medical Journal 2(5912):201-2CA t April 27,1974. 

COLLEY, JR.T., HOLLAND, W.W:, CORKHILL R.T. Influence of passive smoking 
and parental phlegm on pneumonia and bronchitis in early childhood. Lancet 
2(7888);1031-1034, November 2,1974. 

COLLINS, M.H., MOESSINGER, A.C., KLELNERMAN, J., BASSI, J., ROSSO, P., 
COLLINS, AM., JAMES, LR, BLANC, W.A. Fetal lung hypoplasia associated 
with maternal smoking; A morphometric analysis. Pediatric Research 19(4);408- 
412, April 1985. 

COMSTOCK. G.W., MEYER, M.B., HELSING, KJ., TOCKMAN, M.S. Respiratory 
effects of household erposures to tobacco smoke and gas cooking. American Review 
of Respiratory Disease 124(2):143~148, August 1981. 

COODLEY, A. Effects of passive smoking, (letter). New England Journal of Medicine 
299(16);897, October 19,1978. 

COPELAND, K.T., CHECKOWAY, H., McMICHAEL, AR, HOLBROOK, RH. Bias 
due to miaclaaBification in the estimation of relative risk. American Journal of 
Epidemiology 105(5):488-495, May 1977. 

CORREA, P., PICKLE, L.W., FONTHAM, E., LIN, Y„ HAENSZEL, W. Passive 
smoking and lung cancer. Lancet 2(8350);595-597, September 10,1983. 

CRIQUI, M.H. Response bias and risk ratios in epidemiologic studies. American 
Journal of Epidemiology 109(41:394-399, April 1979. 

DAHMS, T.E., BOLIN; J.F„ SLAVTN, R.G. Passive smoking-. Effects on bronchial 
asthma. Chest 80(5):530-534. November 1981. 

DODGE, R. The effects of indoor pollution on Arixona children] Archives of 
Environmental Health 37(3):151-155, May-June 1982. 

DOLL, R., PETO, R. Cigarette smoking and bronchial carcinoma; Dose and time 
relationships among regular smokers and lifelong non-smokers. Journal of 
Epidemiology and Community Health 32(4).303-313, December 1978. 


110 










Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


*4.6TTSCS02 



DUTAU, G., OORBERAND, J., LEOPHONTE, P., ROCTOCXnOLI, P. Manifestations 
rwpiratoiree liees a rinhalation passive de fumme de tabac chez l’infant d'age pre- 
soolaire [Respiratory signs associated with passive inhalation of tobacco smoke in 
infants), bt Paumon etle Coeur 35(2h63-69, 1979. 

EKWOi, E.E, WEINBERGER* M.M., 1ACHENBRUCH, PA., HUNTLEY,, W.H 
Relationship of parental smoking and gas cooking to respiratory disease in 
children. Chest 84(6)^62-668, December 1983. 

FERGUSSON, D.M., H OR WOOD, UJ Parental smoking and respiratory illness 
during early childhood; A six year longitudinal study. Pedtatric Pulmonology 
1(2)^9-106, March-April 1985. 

FERGUSSON, D.M., HORWOOD, LJi, SHANNON, FT., TAYLOR, B Parental 
smoking and lower respiratory illness in the first three years of life. Journal of 
Epidemiology and Community Health 35(3):180-184, September 1981. 

FEYERABEND, C., H3GENBOTTAM, T., RUSSELL, M.AH. Nicotine concentrations 
in urine and saliva of smokers and nonamoken. British Medical Journal 
284(6321): 1002-1004, April 3,1982. 

FOLIART, D., BENOWTTZ, N.L., BECKER, C.E. Passive absorption of nicotine in 
airline flight attendants. Getter). Sew England Journal of Medicine 308(18):1105, 
May 6,1983. 

FRIEDMAN, G.D. Passive smoking in adulthood and cancer risk. Getter) American 
Journal of Epidemiology 123(2);367, February 1986 

FRIEDMAN, GD., PETOT1, D.B., BAWOL, R.D Prevalence and correlates of passive 
smoking. American Journal of Public Health 73(4):401-405, April 1983. 

GARFINKEU L. Time trends in lung cancer mortality among nonamokers and s note 
on passive smoking. Journal of the National Cancer Institute 66(6):106I-I066, June 
1981. 

GARFINKEL, L., AUERBACH, O., JOUBERT, L Involuntary smoking and lung 
cancer. A case-control study. Journal of the National Cancer Institute 75(3):463- 
469, September 1985. 

GARLAND, C., BARRETT-CONNOR, E., SUAREZ, U, CRIQU1, M.H., WINGARD, 
D.L. Effects of passive smoking on ischemic heart disease mortality of nonsmokers: 
A prospective study. American Journal of Epidemiology 121(5):645-650, May 1985. 

GILLIS, C.R., HOLE, DJ., HAWTHORNE, V.M., BOYLE. P. The effect of environ¬ 
mental tobacco smoke in two urban communities in the west of Scotland. European 
Journal of Respiratory Diseases 65(Suppl. 133): 121-126^ 1984. 

GOLD, E., GORD1S, L. t TONASCLA, J., SZKLO, M Risk factors for brain tumors in 
ehildreni American Journal of Epidemiology 109(3):309-319, March 1979. 

GORDIS, L. Should dead cases be matched to dead controls? American Journal of 
Epidemiology 115(l):l-5, January 1982. 

GORTMAKER, S.L., WALKER, D.K., JACOBS, F.H., RUCH-ROSS, H Parentali 
smoking and the risk of childhood asthma- American Journal of Public Health 
72(6):574-679, June 1982. 

GREENBERG, RA., HALEY, NJ., ETZEL, R-A, LODA FA. Measuring the exposure 
of infants to tobacco smoke: Nicotine and cotinine in urine and saliva. New 
England Journal of Medicine 310(17):1075-1078, April 26,1984. 

GREENLAND, S. The effect of miscloasiflcation in the presence of covariatea 
American Journal of Epidemiology 112(4):564-569, October 1980. 

GRUFFERMAN, S., WANG, H.H., DeLONG, E.R., KIMM, S.YB., DELZELL, ILS., 
FALLETA J-M. Environmental factors in the etiology of rhabdomyosarcoma in 
childhood. Journal of the National Cancer Institute 68(1):107-113, January 1982. 

GRUNDMANN, E., MULLER, K.-M., WINTER, K.D., STERLING, T.D. Nonsmoking 
wives of heavy smokers have a higher risk of lung cancer. Getter). British Medical 
Journal 282(6270);1156, April 4,1981. 


Ill 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511973 






_ 


3Mf 



HALEY, NJ., HOFFMANN, D. Analysis for nicotine and cotinine in hair to 
determine cigarette smoker statu*. Clinical Chemistry 31(10):1598-1600, October 
1985 

HAMMOND, E.C, SELIKOFT, LJ. Passive smoking and lung cancer with comments 
on two new papers. Environmental Research 24(2):444-452, April 1981. 

HARLAP, S-, DAVIES, A.M.’ Infant admissions to hospital and maternal 1 smoking. 
Lancet 1(7857):529-S32, March 30,1974. 

HARRIS, JX-, DuMOUCHEL, W.H. Nonsmoking wives of heavy smokers have a 
higher risk of lung cancer. Getter). British Medical Journal 283(62961:915, October 
3,1981. 

HASSELBLAD, V., HUMBLE, C.G., GRAHAM, MiG., ANDERSON, H.S, Indoor 
environmental i detenninants of lung function in children. American Review of 
Respiratory Disease 123(5):479-485, May 1981. 

HENDERSON, B.E., BENTON, B:, JING, J„ YU, M.C., PIKE, M.C. Risk factors for 
cancer of the testis in young men. International Journal of Cancer 23(51:598-602,, 
May 1979 

HIGGINS, I. Lifetime passive smoking and cancer risk. Getter). Lancet 1(84331:866- 
867, April 13,1985. 

HIGGINS, M W., KJELSBERG, M:, METZNER, H- Characteristics of smokers and 
nonsmokers in Tecumseh Michigan. 1: The distribution of smoking habits in 
persons and families and their relationship to social characteristics. American 
Journal of Epidemiology 86(11:45-59, July 1967. 

HILLER, F.C. Deposition of sidestream cigarette smoke in the human respiratory 
tract. Preventive Medicine 13(61:602-607, November 1984. 

HIRAYAMA, T, Non-smoking wives of heavy smokers have a higher risk of lung 
cancer; A study from Japan. British Medical Journal 282(62591183-185, January 
17,1981a. 

HIRAYAMA, T. Passive smoking and lung cancer. Getter). British Medical Journal 
282(62731:1393-1394, April 25,1981b. 

HIRAYAMA, T. Nonsmoking wives of smokers have a higher risk of lung cancer. 
Getter). British Medical Journo! 283(6296):916~917, October 3,1981c. 

HIRAYAMA, T. Nonsmoking wives of smokers have a higher risk of lung cancer. 
Getter). British Medical Journal 283(6304);! 465-1466, November 28,1981d. 

HIRAYAMA, T. Passive smoking and lung cancer Consistency of association. Getter). 
Lancet 2(83641:1425-1426, December 17,1983. 

HIRAYAMA, T. Cancer mortality in nonsmoking women with smoking husbands 
based on a large-scale cohort study in Japan. Preventive Medicine 13(6):6S0-690, 
November 1984a 

HIRAYAMA, T. Lung cancer in Japan; Effects of nutrition and passive smoking. In: 
Mixeli, M,, Correa, P. (eds). Lung Cancer Causes and Prevention, Deerfield Beach, 
Florida, VCH, 1984b, pp. 175-195. 

HIRAYAMA, T. Passive smoking: A new target of epidemiology. Journal of 
Experimental Clinical Medicine 10(4):287-293,1985. 

HOEGG, U.R. Cigarette smoke in closed spaces. Environmental Health Perspectives 
(21:177-128, October 1972. 

HOFFMANN, D., HALEY, NJl, ADAMS, J.D., BRUNNEMANN, K.D. Tobacco 
sidestream smoke: Uptake by nonsmokers. Preventive Medicine 13(61:608-617, 
November 1984. 

HORWOOD, 1~J., FERGUSSON, D.M., SHANNON, F T. Social and familial factors in 
the development of early childhood asthma. Pediatrics 75(51:859-868, May 1985. 

HU GOD, C., HAWKINS, L.H., ASTRUP, P. Exposure of passive smokers to tobacco 
smoke constituents. International Archives of Occupational and Environmental 
Health 42(11^1-29,1978; 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 






11 hair to 
p* October 

comments 

Smo king 

s have a 
* October 

\ Indoor 
tview of 

rtore for 
> 96 - 602 , 

*3*866- 

?rs and 
hits in 
terican 

Lratory 

f lung 
nuary 
f 

tinuil 


b 


INTERNATIONAL AGENCY FOR RESEARCH ON CANCER Tobacco Smoking 
IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to 
Humans, Vol. 38. Lyon, IARC, 1986, pp. 163-314. 

IVERSON, M., BIRCH, L., LUNDQVIST, G.R., ELBROND, O. Middle ear effusion in 
children and the indoor environment: An epidemiological study. Archive* of 
Environmental Health 40C2):74-79, March-April 1985. 

JARVIS, TUNSTALL^PEDOE, H., FEYERABEND, C., VESEY, C., SALOOJEE, 
Y. Biochemical markers of smoke absorption and self-reported exposure to passive 
smoking Journal of Epidemiology and Community Health 38(4).335-339, Decem¬ 
ber 1984 

JONES, JR, HIGGINS, I.T.T., HIGGINS, M W,, KELLER, JR Effects of cooking 
fuels on lung function in nonsmoking women. Archive* of Environmental Health 
38(4)^19-222, JulyAugust 1983. 

RABAT, G.C., WYNDER, E.L. Lung cancer in nonsmokers. Cancer 53(5):1214-1221, 
March 1,1984. 

KANNEL, W8. Update on the role of cigarette smoking in coronary artery disease. 
American Heart Journal 101(3):319-328, March 1981. 

KASUGA, H., HASEBE, A., OSAKA, F., MATSUK1, H. Respiratory symptoms in 
school children and the role of passive smoking. Tokai Journal of Experimental 
and Clinical Medicine 4(2):101-114, April 1979, 

KAUFFMANN, F., DOCKERY, D.W., SPEI2ER FR, FERRIS, B.G., Jr. R«piratory 
symptoms and lung function in women with passive and active smoking, (abstract). 
American Review of Respiratory Disease 133(4, part 2)A157, April 1986. 

KAUFFMANN, F., TESSIER, J.-F., ORIOL, P. Adult passive smoking in the home 
environment; A risk factor for chronic airflow limitation. American Journal of 
Epidemiology 117(3)^69-280, March 1983 

KENTNER, M., TRIEBIG, G., WELTLE, D. The influence of passive smoking on 
p ulmonar y function: A study of 1351 office workers. Preventive Medicine 13(6).*656- 
669, November 1984. 

KNOTH, A., BOHN, H., SCHMIDT, F. Passiv rauchen als Lungenkrebs-Ursache bei 
Nkhtraucherinnen [Passive smoking as a causal factor of bronchial carcinoma in 
female nonsmokers]. Medizinische Klinik 78(2):66-69, February 4,1983: 

KOO, L.C., HO, J.H.-C., LEE, N An analysis of some risk factors for lung cancer in 
Hong Kong. International Journal of Cancer 35(2);149-155, February 15,1985. 

KOO, L.C., HO, J.H.-C., SAW, D. Active and passive smoking among female lung 
cancer patients and controls in Hong Kong. Journal of Experimental and Clinical 
Cancer Researr/i 4<2);367^375, October-December 1983. 

KOO, L.C., HO, J.H.-C., SAW, D. Is passive smoking an added risk factor for lung 
cancer in Chinese women? Journal of Experimental and Clinical Cancer Research 
3(3)t277-283, July September 1984. 

KORNBGAY, KR, KASTENBAUM, M A. Non-smoking wives of heavy smokers have 
a higher risk of lung cancer. Getter) British Medical Journal 283(6296*914, 
October 3,1981. 

KRAEMER, MJ., RICHARDSON, M.A., WEISS, NR., FURUKAWA, C.T., SHAPIRO, 
G.G., PIERSON, W.E., BIERMAN, C.W Risk factors for persistent middle-ear 
effusions: Otitis media, catarrh, cigarette smoke exposure, and atopy. Journal of 
the American Medical Association 249(8): 1022-1025, February 25^ 1983. 

LEBOWTTZ, M.D. Environmental tobacco smoke: 3.3. The effects of environmental 
tobacco smoke exposure and gas stoves on daily peak flow rates in asthmatic and 
DOD-asthmatic families. European Journal of Respiratory Diseases 65(Suppl. 
133)^0-97,1984. 

LEBOWTTZ, M.D., ARMET, D.B., KNUTSON, R The effect of passive smoking on 
pulmonary function in children. Environment International 8(1-6):371-373, 1982. 

LEBOWTTZ, M.D., BURROWS, B. Respiratory symptoms related to smoking habits of 
family adult*. Chest 69(1);48-50, January 1976. 

113 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511977 


LEE, P~N. Non-smoking wives of heavy smokers have a higher risk of lung cancer, 
flatter British Medical Journal 283(6304): 1465-1466, November 26,1961. 

LEE, P.N. Passive smoking, flatter). Lancet 1(8275):791, April 3 t 1982a. 

LEE, P.N. Passive smoking. Pood and Cosmetics Toxicology 20(2)223-229, April 
1982b. 

LEE, P.N. Lifetime passive smoking and cancer risk. Getter). Lancet 1(8443):1444, 
June 22,1985. 

LEE, PJX CHAMBERLAIN, J., ALDEKSON, M.R. Relationship of passive smoking to 
risk of lung cancer and other smoking-associated diseases. British Journal of 
Cancer 64(1)597-105, July 1986. 

LEEDER, SJL, OORKHDLL, R.T., IRW1G, EM., HOLLAND, W.W. Influence of family 
factors on asthma and wheezing during the first five years of life. British Journal 
of Preventive and Social Medicine 30(4)^13-218, December 1976a. 

LEEDER, Sit, CORKHILL, R.T., IRWIG, LM., HOLLAND, W.W. Influence of family 
factors on the incidence of lower respiratory illness during the first year of life 
British Journal of Preventive and Social Medicine 30(4);203-212, December 1976b. 

LEHNERT, G. Roundtable diacuaaion Preventive Medicine 13(6):730-746, November 

1984. 

LERCHEN, MX., SAMET, JM. An assessment of the validity of questionnaire 
responses provided by a surviving spouse. American Journal of Epidemiology 
123(3):481-489, March 1986. 

LIM, T.PX. Airway obstruction among high school students. American Review of 
Respiratory Disease 108(4)5985-988, October 1973. 

Mar DONALD, EJ, Nonsmoking wives of heavy smokers have a higher risk of lung 
cancer, (letter). British Medical Journal 283(6296):917, October 3,1981a. 

MarDONALD, EJ. Nonsmoking wives of heavy smokers have a higher risk of lung 
cancer, (letter). British Medico/ Journo/ 263(6304):!465, November 28,1981b. 

MANNING, M.D., CARROLL, B.E.. Some epidemiological aspects of leukemia in 
children. Journal of the National Cancer Institute 19(6):1087-1094, December 1957. 

MANTEL, N. Nonsmoking wives of heavy smokers have a higher risk of lung cancer, 
(letter). British Medical Journal 283(6296):914-915, October 3,1981. 

MANTEL, N. Passive smoking in adulthood and cancer riak. Getter). American 
Journal of Epidemiology 123(2);367-368, February 1986. 

MARTINEZ, F., ANTOGNONI, G. t MAORI, F„ LEBOWITZ, M., RONCHETT1, R. 
Distribution of bronchial responsiveness to a constrictive drug in a random 
pediatric population sample, (abstract). American Review of Respiratory Disease 
131(4, part 2bA242, April 1985. 

MATSUKURA S., HAMADA, H., SEINO, Y., MORAN AKA, H., HIGASHI, E. Passive 
smoking. Getter) New England Journal of Medicine 312U1):720-721, March 14, 

1985. 

MATSUKURA S., TAMLNATO, T„ KITANO, N, SEINO, Y„ HAMADA. H., 
UCHIHASHL M., NAKAJTMA, H., HIRATA, Y. Effects of environmental tobacco 
smoke on urinary cotinine excretion in nonamoken. Evidence for passive smoking. 
New England Journal of Medicine 311(13):828-832, September 27,1984. 

McCONNOCHIE, K.M., ROGKMANN, KJ. Bronchiolitis as a possible cause of 
wheezing in childhood: New evidence. Pediatrics 74(0:1-10, July 1984. 

McOONNOCHIE, K.M., ROGHMANN, KJ. Predicting clinically significant lower 
respiratory tract illness in childhood following mild bronchiolitis. American 
Joumalof Diseases of Children 139(6):625-631, June 1985. 

MURRAY, AB., MORRISON, BJ. The effect of cigarette smoke from the mother on 
bronchial responsiveness and severity of symptoms in children with asthma. 
Journal of Allergy and Clinical Immunology 77(4):575-581, April 1986. 

NATIONAL ACADEMY OF SCIENCES, Risk Assessment in the Federal Government: 
Managing the Process Washington, D.C., National Academy Press, 1983. 


114 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


8i.f,TtSEZ0Z 



tS§iSat 






W cancer. 

April 

mi444, 

okingto 
*rnal of 

f family 
Journal 


p family 
of life. 
1976b. 
vcrnber 

>nnaire 

niology 


tiew of 
yf lung 
lung 

m 

nia in 
'1957. 
anoer. 

rriccn 


n, r. 

ndom 

isease 

I waive 

K 

H., 
fweco 

fu*g 

of 

&wer 

icon 

r on 

irrm 

ent 


NEUTEL, Cl., BUCK, C. Effect of cooking during pregnancy on the riak of cancer in 
children. Journal of the National Cancer Institute 47(l):59-63, July 1971. 

O’CONNOR G., WEISS, S.T., TAGER, I., SPEIZER, FX, The effect of passive smoking 
on nonspecific bronchial rwponsivenwe in a population sample of children and 
young adults, (abstract), Clinical Research 34<2):58LA April 1986. 

PATHAK, DR, SAMET, J.M;, HUMBLE, C,G., SKIPPER BJ Determinant* of lung 
cancer risk in cigarette smokers in New Mexico. Journal of the National Cancer 
Institute 76(4 ):597-604, April 1986. 

PEDREIRA, FA., GUANDOLO, VX, FEROLI, EJ., MELLA, G W., WEISS, I.P. 
Involuntary smoking and incidence of respiratory illness during the first year of 
life. Pediatrics 75(3);594A97, March 1985. 

PERSHAGEN, G., ZDENEK, H., SVENSSON; C. Passive smoking and lung cancer in 
Swedish women. American Journal of Epidemiology , in pres*. 

PETERS, J.M., FERRIS, B.G., Jr. Smoking, pulmonary function, and respiratory 
symptoms in a college-age group. American Review of Respiratory Disease 
95(5)774-782, May 1967. 

PICKLE, LW., BROWN, L.M., BLOT, WJ. Information available from surrogate 
respondent* in case-control interview studies. American Journal of Epidemiology 
118(1)^108, July 1983. 

PIMM; PX., SILVERMAN, F., SHEPHARD, RJ. Physiological effects of scute paasive 
exposure to cigarette smoke. ArcJuuet of Environmental Health 33(4^201-213, 
July-August 1978. 

PITTENGER, DJ. Paasive smoking, (letter) New England Journal of Medicine 
312(111:7.20, March 14,1985. 

PRESTON-MARTIN, S., YU, M.C., BENTON, B., HENDERSON, B.E. N-nitruao 
compound* and childhood brain tumors: A awe-control study. Chncer Research 
42(12):5240-5245, December 1982. 

PULLAN, C.R., HEY, E.N. Wheezing, asthma, and pulmonary dysfunction 10 years 
after infection with respiratory syncytial virus in infancy. British Medical Journal 
284(6330):1665-1669, June 5; 1982. 

PUKANDER J., LUOTONEN, J., TTMONEN, M., KARMA, P. Risk factors affecting 
the occurrence of acute otitis media among 2J3-year-old urban children. Acta Oto- 
laryngolica 100(3-4):260-265, September-October 1985. 

RANTAKALLIO, P. Relationship of maternal smoking to morbidity and mortality of 
the child up to the age of five. Acta Paediatrica Scandinavica 67(5)^21^631, 
September 1978. 

RAWBONE, RG„ KEELING, CA„ JENKINS, A, GU2 t A Cigarette smoking among 
secondary school children in 1975: Prevalence of respiratory symptoms, knowledge 
of health hazards, and attitudes to smoking and health. Journal of Epidemiology 
and Community Health 32(l):53-58, March 1978. 

REPACE, JX, LOWREY, AH. A quantitative estimate of nonsmokers’ lung cancer 
risk from passive smoking. Environment International ll(l):3-22,1985. 

ROBINSON, B.F. Effects of paasive smoking flatter). New England Journal of 
Medicine 299d6):896, October 19,1978. 

RUSH, D. Respiratory symptoms in a group of American secondary school students: 
The overwhelming association with cigarette smoking. International Journal of 
Epidemiology 3(2):153-165, June 1974. 

RUSSELL, MAH., FEYERABEND C. Blood and urinary nicotine in nonsmokers 
Lancet 790Q(1):17S^181, January 25,1975. 

RUSSELL, MAH., JARVIS, MJ., WEST, RJ; Use of urinary nicotine concentrations 
to estimate exposure and mortality from passive smoking in non-smokers. British 
Journal of Addiction 81:276-281, 1986. 

RUTSCH, M. Non-smoking wives of heavy smokers have a higher risk of lung cancer. 
Getter). British Medical Journal 282(6268):9B5, March 21, 1981. 


115 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511379 




a. 


SACKETT, D.L Bias in analytic research. Journal of Chronic Disease* 32(1-2)51-63, 
1979. 

SAID, G., ZALOKAR, J M LELLOUCH, J., PATOIS, E. Parental amoking related to. 
adenoidectomy and tonsillectomy in children. Journal of Epidemiology and 
Community Health 32(2):97-101, June 1978. 

SALOOJEE, Y., VESEY, CJ., OQLE, P.V., RUSSELL, MAH. Carboxyhemoglbbin 
and plasma thiocyanate: Complementary indicator# of smoking behaviour? Thoraz 
37(7)521-525, July 1982. 

SAMET, J.M., TAGER LB., SPEIZER, F.E. The relationship between respiratory 
illness in childhood and chronic air-flow obstruction in adulthood. American 
Review of Respiratory Disease 127(4):508-523, April 1983. 

SANDLER, DJP., EVERSON, R.B., WILQOX AJ. Passive smoking in adulthood and 
cancer risk. American Journal of Epidemiology 121(l);37-48, January 1985. 

SANDLER, D.P., EVERSON, RJL, WILCOX AJi Passive smoking in adulthood and 
cancer risk, (letter). American Journal of Epidemiology 123(2):369-370, February 
1986. 

SANDLER, D.P., EVERSON, R.B., WILCOX AJ;, BROWDER, JiP, Cancer risk in 
adulthood from early life exposure to parents’ smoking. American Journal of 
Public Health 75(51:487-492, May 1985. 

SANDLER, D.P., WILOOX. AJ. f EVERSON, R.B Cumulative effects of lifetime 
passive smoking on cancer risk. Lancet 1(8424):312-314, February 9,1986a- 

SANDLER, D.P., WILCOX, AJ\, EVERSON, K.B. Lifetime paasive smoking and 
cancer risk, (letter). Lancet 1(8433):867; April 13,1985b. 

SCHENKER, M.B„ SAMET, J.M., SPEIZER, FE. Effect of cigarette tar content and 
smoking habits on respiratory symptoms in women. American Review of Respira¬ 
tory Disease 125(6):684-690, June 1982. 

SCHENKER, M.B., SAMET, J.M., SPEIZER, F.E Risk factors for childhood respira¬ 
tory disease: The effect of host factors and home environmental exposures. 
American Review of Respiratory Disease 128(6):1038-1043, December 1983. 

SCHILLING, R.S.F., LETAI, A.D., HUI, S.L., BECK, GJ., SCHOENBERG, JR, 
BOUHUYS, A.H. Lung function, respiratory disease, and smoking in families. 
American Journal of Epidemiology 106(4);274-283, October 1977. 

SCHLESSELMAN, JJ. Case-Control Studies: Design, Conduct, Analysis. Monographs 
in Epidemiology and Biostatisticc, VoL 2. New York, Oxford Uhiversity Press, 
1982. 

SCHMELTZ, I., HOFFMANN, D., WYNDER, E.L. The influence of tobacco smoke on 
indoor atmospheres: I. An overview. Preventive Medicine 4(1);66~82, March 1975, 

SEELY, J.E., ZUSKIN, E;, BOUHUYS, A. Cigarette smoking: Objective evidence for 
lung damage in teen-agers. Science 1'72(3984):741-743, May 14,1971. 

SHEPHARD, RJ., COLLINS, R., SILVERMAN, F. "Passive” exposure of asthmatic 
subjects to cigarette smoke. Environmental Research 2CX2):392~402, December 
1979. 

SIMS, D.G., DOWNHAM, M.A.P.S., GARDNER, P.S., WEBB, J.K.G., WEIGHTMAN, 
D. Study of 8-year-old children with a history of respiratory syncytial virus 
bronchiolitis in infancy. British Medical Journal 1(6104):! 1-14, January 7, 1978. 

SPEIZER, F.E., FERRIS, B., Jr,, BISHOP, Y.M.M., SPENGLER, J. Respiratory diaease 
rates and pulmonary function in children associated with NO, exposure. American 
Review of Respiratory Disease 12l(l):3-10, January 1980, 

SPEIZER, F.E., TAGER, LB. Epidemiology of chronic mucus hypersecretion and 
obstructive airways disease. Epidemiologic Reviews 1:124-142,1979. 

SPINACI, S., AROSSA, W. ( BURGIANI, M., NORTALE, P M BUOCA, C., DeOONDUS- 
SION, E. The effects of air pollution on the respiratory health of children: A cross- 
sectional study. Pediatric Pulmonology l(5):262-266; 1985. 

STERLING, T.D. Non-smoking wives of heavy smokers have a higher risk of lung 
cancer. Getter). British Medical Journal 282(6270): 1156. April 4, 1981. 


116 














&*T: H 


;',‘k "7^ ,1*1 a V 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


20235119S0 





STEWART, A., WEBB, J., HEWITT, D. A survey of childhood malignancies. British 
Medical Journal 50(86); 1495-1508, June 18, 1958. 

STJERNFELDT, M., BERGLUND. K., LINDSTEN, J. ( LUDVIGSSON, J. Maternal 
smoking during pregnancy and risk of childhood cancer. Lancet 1(8494);1350-1352, 
June 14,1986. 

STOBER W. Lung dynamics and uptake of smoke constituents by nonamokers: A 
survey. Preventive Medicine 13(6):589-601, November 1984. 

SUTTON, G.C. Passive smoking and lung cancer, (tetter) British Medicial Journal 
282(6265):733, February 28,1981. 

SVENBSEN, K.H., KULLER, L.H., NEATON, J.B. Effects of passive smoking in the 
Multiple Risk Factor Intervention Trial (MRFTT) Circulation, Part II, No 4, 
October 1985. 

TAGER, I.B. Passive smoking and respiratory health in children: Sophistry or cause 
for concern? American Review of Respiratory Disease 133(6):959-961, June 1986. 

TAGER, LB., MUNOZ, A., ROSNER, B., WEISS, S.T., CAREY, V., SPEIZER, F.E. 
Effect of cigarette smoking on the pulmonary function of children and adolescents. 
American Review of Respiratory Disease l3l(5):752-759, May 1985. 

TAGER, I.B., WEISS, S.T., MUNOZ, A., ROSNER, B., SPEIZER F.E. Longitudinal 
study of the effects of maternal smoking on pulmonary function in children. New 
England Journal of Medicine 309(12)3699-703, September 22,1983. 

TAGER, LB., WEISS, S.T., ROSNER, B., SPEIZER, F.E. Effect of parental cigarette 
smoking on the pulmonary function of children. American Journal of Epidemiolo¬ 
gy 110(1): 15-26, July 1979. 

TASHKIN, D. t CLARK, VA, SIMMONS, M., REEMS..G, OOULSON, A.H., 

BOURQUE, L.B., SAYRE, J.W., DEIELS, R, ROKAW, S. The UCLA population 
studies of chronic obstructive respiratory disease: 7. Relationship between parental' 
smoking and children’s lung function. American Review of Respiratory Disease 
129(6):891-897, June 1984. 

TRICHOPOULOS, D. Passive smoking and lung cancer, (letter). Lancet 1(8378)3684, 
March 24, 1984. 

TRICHOPOULOS. D„ KALANDIDI, A., SPARROS, L. Lung cancer and passive 
smoking. Conclusion of Greek study. Getter). Lancet 2(8351 ):677-678, September 
17,1983. 

TRICHOPOULOS, D., KALANDIDI, A., SPARROS, L., MacMAHON, B. Lung cancer 
and passive smoking. International Journal of Cancer 27{l):l-4, January 15, 1981. 

TSOKOS, C P. Non-smoking wives of heavy smokers have a higher risk of lung cancer. 
Getter): British Medical Journal 283(6304): 1464-1465, November 28, 1981. 

VS. DEPARTMENT OF HEALTH, EDUCATION; AND WELFARE. Smoking and 
Health: A Report of the Surgeon General DHEW Pub. No. (PHS)79>50066. U.S. 
Department of Health, Education, and Welfare, Public Health Service, Office of 
the Assistant Secretary for Health, Office on Smoking and Health, 1979. 

VS. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Conse¬ 
quences of Smoking for Women: A Report of the Surgeon General. VS. Department 
of Health and Human Services, Public Health Service, Office of the Assistant 
Secretary for Health, Office on Smoking and Health, 1980.' 

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Conse¬ 
quences of Smoking: Cancer. A Report of the Surgeon General DHHS Pub. No. 
(PHS)82-50179. US. Department of Health and Human Services, Public Health 
Service, Office of the Assistant Secretary for Health, Office on Smoking and 
Health, 1982 

UJS DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Conse¬ 
quences of Smoking: Cardiovascular Disease. A Report of the Surgeon General 
DHHS Pub. No, (PHS)84-502O4. VS, Department of Health and Human Services, 
Public Health Service, Office of the Assistant Secretary for Health, Office on 
Smoking and Health, 1983. 


117 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511381 



VS. DEPARTMENT OF HEALTH AND HUMAN SERVICES. The Health Conse 
quences of Smoking: Chronic Obstructive Lung Disease- A Report of the Surgeon 
General DHHS Pub. No. (PHS184-502G5. UiS. Department of Health and Human 
Services, Public Health Service, Office of the Assistant Secretary for Health, Office 
on Smoking and Health; 1984. 

VS PUBLIC HEALTH SERVICE. Smoking and Health. Report of the Advisory 
Committee to the Surgeon General of the Public Health Service. PHS Pub. No. 
1103. UiS. Department of Health; Education, and Welfare, Public Health Service, 
Centers for Disease Control, 1964 

VAN STEENSEL-MOLL, HA., VALKENBURG, HA., VANDENBROUCKE, J.P. Are 
maternal fertility problems related to childhood leukaemia 0 International Journal 
of Epidemiology 14(4):555-659, December 1986. 

VEDAL, S„ SCHENKER, M.B., SAMET, J.M., SPEIZER, FE. Risk factors for 
childhood respiratory disease: Analysis of pulmonary function. American Review 
of Respiratory Disease 130(21:187-192, August 1984. 

VUTUC, C. Quantitative aspects of passive smoking and lung cancer. Preventive 
Medicine 13(61*98-704, November 1984. 

WAITE, CX. Effects of passive smoking: flfetter) New England Journal of Medicine 
299(161:897, October 19,1978. 

WAKEHAN, H. Effects of passive smoking. Getter). New England Journal of Medicine 
299(161:896, October 19,1978. 

WALD, NJ., BOREHAM, J.. BAILEY, A., RITCHIE, C„ HADDOW, J.E., KNIGHT, G 
Urinary cotinine as marker of breathing other people’s tobacco smoke. Getter). 
Lancet l(8370h230-231; January 28,1984. 

WALD, NJ., IDLE, M., BOREHAM, Jl, BAILEY, A. Carbon monoxide in breath in 
relation to smoking and carboxyhaemoglobin levels. Thorax 36(51:366-369, May 
1981. 

WALD, NJ., RITCHIE, C. Validation of studies on lung cancer in' nonsmokers 
married to smokers. Getters). Lancet 1(83851:1067; May 12,1984. 

WALTER, S., NANCY, N.R., COLLIER, C.R. Changes in forced expiratory spirogram 
in young male smokers. American Review of Respiratory Disease 119(51:717-724, 
1974 

WARE, J.H., DOCKERY, D.W., SPIRO, A. HI, SPEIZER, F.E., FERRIS, B.G., Jr. 
Passive smoking, gas cooking, and respiratory health of children living in six cities. 
American Review of Respiratory Disease 129(31:366-374, March 1984. 

WEINBERGER, S.E., WEISS; ST. Pulmonary diseases. In: Burrow, G.N., Ferris, T.F. 
(eds). Medical Complications During Pregnancy: 2nd ed. Philadelphia, W.B. 
Saunders, 1981, pp. 405-434. 

WEISS, S.T., TAGER, I.B., MUNOZ, A., SPEIZER, F.E. The relationship of respiratory 
infections in early childhood to the occurrence of increased levels of bronchial' 
responsiveness and atopy. American Review of Respiratory Disease 131(41:573-578, 
April 1985. 

WEISS, S.T., TAGER, I.B., SPEIZER, F.E., ROSNER, B. Persistent wheeze: Its relation 
to respiratory illness, cigarette smoking, and level of pulmonary function in a 
population sample of children: American Review of Respiratory Disease 122(5h697- 
707, November 1980. 

WHITE, JJt, FROEB, H.F. Small-airwayB dysfunction in nonsmokers chronically 
exposed to tobacco amoke. New England Journal of Medicine 302(131:720-723, 
March 27,1980 

WHTTTEMORE, A., ALTSHULER, B Lung cancer incidence in cigarette smokers: 
Further analysis of Doll and Hill’s data for British physicians. Biometrics 
32(41:805-816, December 1976. 

WIEDEMANN, HP., MAHLER, D.A., LOKE J:, VIRGULTO. JJl., SNYDER, P., 
MATTHAY, RA Acute effects of passive smoking on lung function and airway 
reactivity in asthmatic subjects. Chest 89(2); 180-185, February 1986. 

118 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511983 




Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


20235119S3 








Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023511984 




ENVIRONMENTAL 

TOBACCO 

SMOKE 


Measuring Exposures 
and Assessing 
Health Effects 


Committee on Passive Smoking 
Board on Environmental Studies and Tbxicology 
National Research Council 


i 

“Curl 


NATIONAL ACADEMY PRESS 
Washington, D. C. 1986 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


20235119S5 





National Academy Press • 2101 Constitution Avenue, NW • Washington, DC 20418 


NOTICE; The project that is the subject of this report was approved by 
the Governing Board of the National Research Council^ whose members are 
drawn from the councils of the National Academy of Sciences, the National 
Academy of Engineering, and the Institute of Medicine. The members 
of the committee responsible for the report were chosen for their special 
competences and with regard for appropriate balance. 

This report has been reviewed by a group other than the authors 
according to procedures approved by a Report Review Committee consisting 
of members of the National Academy of Sciences, the National Academy of 
Engineering, and the Institute of Medicine. 

The National Research Council was established by the National Academy 
of Sciences in 1916 to associate the broad community of science and technoU 
ogy with the Academy's purposes of furthering knowledge and of advising the 
federal I government. The Council operates in accordance with general policies 
determined by the Academy under the authority of its congressional charter 
of 1863, which establishes the Academy as a private, nonprofit, self-governing 
membership corporation. The Council has become the principal! operating 
agency of both the National Academy of Sciences and the National Academy 
of Engineering in the conduct of their services to the government, the public, 
and the scientific and engineering communities. It is administered jointly by 
both Academies and the Institute of Medicine. The National Academy of 
Engineering and the Institute of Medicine were established in 1964 and 1970, 
respectively, under the charter of the National Academy of Sciences. 


1 

i 

i 

I 

1 

t 

1 

I 

ij 

i 

s 

H 

P 


This study was prepared under EPA Contract #68-02-4073 and De¬ 
partment of Health and Human Services, Public Health Services Grant 
#ASU00G001-06-Sl. The content of this publication does not necessarily 
reflect the views or policies of the U.S. Environmental Protection Agency or 
the Department of Health and Human Services, and an official endorsement 
should not be inferred. 

INTERNATIONAL STANDARD BOOK NUMBER 0-309-03730-1 
LIBRARY OF CONGRESS CATALOG CARD NUMBER 86-28622 

Copyright © 1986 by the National Academy of Sciences 

No part of this book may be reproduced by any mechanical, photographic, 
or electronic process, or in the form of a phonographic recording, nor may it 
be stored in a retrieval system, transmitted, or otherwise copied for public 
or private use, without written permission from the publisher, except for the 
purposes of official use by the United States Government. 

Printed in the United States of America 


a 

! 

pi 

L 

E 

P 


■>! 

•M 

i 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


2023511986 




If 


The effects of active smoking on exercise tolterance, blbod 
' pressure, and the risk of developing cardiovascular disease have 

! been reviewed elfeehwere (U.S. Public Health Service, 1983). This 

\ chapter discusses studies of ETS exposure to nonsmokers and 

subsequent possible cardiovascular effects. The constituents that 
are thought to have the greatest effect on the cardiovascular system 
1 are carbon monoxide (CO) and nicotine. The possibility exists 

I- that the mechanisms, as well as the magnitude of the effects, 

f for acute and chronic cardiovascular effects may be different for 

exposure to whole smoke and to ETS. 


ACUTE CARDIOVASCULAR EFFECTS OF 
ENVIRONMENTAL TOBACCO SMOKE EXPOSURE 

Administration of nicotine at level similar to those induced 
by active cigarette smoking is shortly followed by increases in 
heart rate and blood pressure (U.S. Public Health Service, 1983.)i 
Platelet aggregation has been shown to be increased in in vitro 
studies, CO rapidly combines with hemoglobin in the blood to 
form carboxyhemoglobin (COHb), thereby leading to some degree 
of tissue hypoxia. CO combines with muscle myoglobin, which is 
followed by some muscle hypoxia. The level of exposure of the 
nonsmoker to these cigarette smoke constituents, however, is less 
than that of the active smoker, and the effects are expected to be 
less. 

Table 14-1 reviews some of the increases in COHb levels as 
seen in both experimental and observational studies. The levels of 
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table 14-1 Carbon Monoxide and Carboxyhemogiobin Levels in 
Nonsmoking individuals 


Experimental Studies lControlled Chambersl 
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16 

1.6 +0.4 

H 


1977 







Srch, 1967 

50 

— 

90 

2 +3 
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Nonexposed: Exposed 





No. of 

Carboxy 

CO Ex- 


V 

Study 

Subjects/Exposure 

Subjects 

hemoglobin; % pired, ppm 

a 


Folian et aL. 1982 

Flight attendants/8 h 

6 

1.0:0.7 


ei 


Jarvis ei aL. 1983 

Normal/public house 

7. 


4.7:10:6 

vi 

* 


for 2 h 





-■ 

Lightfoot, 1972 

Normal/submarinc 


— :1.0 



t 

Waidet aL. 1981 

Participants in health 

6.64 li 






screening program 






Jarvis et aL, 1984 

Normal/self report 

10 

0.9:0 j8 

5.7:5.5 



Seppanen and 

Restaurant for 5 h 

47 

2.1:2.1 




Uusitalo. 1977 

(C0:2.5-15 ppm) 




e/ 



Office for 6 h 

15 

2.3:2.3 


2 



(CO:2.5 ppm)i 




si 


"Carbon monoxide (CO) measured as a proxy to indicate the concentration of ETS in the 1 

a l 


chamber. 
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COHb commonly observed in active smokers are 

higher, ranging 

g* 


between 4 to 6 percent, rarely greater than 12 percent (Schievel- 

H 


bein and Richter, 1984). Because exposure of the nonsmoker is 

w] 


qualitatively different than exposure to smokers, 

a simple scaling I 

Pi 


down of effects observed in active smokers does not appear to be 

p 1 


fully appropriate. Therefore, the effects of exposure to nicotine, 

I 
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table 14-2 Resting Acute Cardiovascular Effects in Nondiseased 
Humans of Exposure to Environmental Tobacco Smoke 





Results 




Studs 


Measured 



Authors 

Population 

Conditions 

Variable 

Befbre 

After 

Luguette et al.. 1970 

40 children 

Room: 9 nr' 

Heart rate 

89 

97' 



No: cig.: 6' 
Time: IS min 

BlOod pressure 

116'6" 

120 72 

Harkc and Bleichert, 

10 

Room: n.g. 

Heart rate 

72 t 8 

74 ! r 12 

1972 


Nb; cig.: ISO 

Blood pressure 

] 23 '84 

121^84 



Time: 20 min 

Skin temperature 






(:— °C/min) 

0 

0.0273 

Rummellet al.. 1975 

St) 

Room: 30 nv 1 

Hean rate 

72 * 10 

71 ± 11 



Noj cig.: 6-8 
Time: 20 min 

Blood pressure 

111 M J 

117/71 

Hurshman et al.. !978 

8 

Room: n.g, 

Hban rate 

73 

79 



No: cig.; 2-6 
Time: 10 min 

Blood pressure 

107/6? 

114/66 

Pimm ei a!.. 1978; 

10 males 

Room: 14.6 mn 

Hban rate 

84(F) 

80(F): 


10 females 

No. cig;: 7 


77( M) 

701M). 


Age = 22.3 

Time: 2 h 





CO, or ETS need to be separately studied. In addition, consid¬ 
eration needs to be given to persons of different sensitivity or 
vulnerability. 

Healthy Subjects 

Table 14-2 lists studies that report on the consequences of 
exposure of nondiseased individuals to ETS for periods up to 
2 hours under experimental^ resting conditions. There were no 
significant changes noted in heart rate or blood pressure in school- 
aged children or in adult men and women. 

Two studies evaluated the physiologic responses to exercise 
with and without exposure to ETS. In the first, Pimm et al. 
(1978) (see also Tablfe 14-2) had subjects perform a 7-minute pro¬ 
gressive exercise test on an electronic bicycle ergometer. During 
exercise, the women had higher heart rates after exposure to ETS 
when compared with control conditions (differences of 6.3 beats 
per minute at 2 minutes and 4.5 beats per minute at 7 minutes, 
p < 0.01). The recovery heart rates were not significantly differ¬ 
ent. The men, however, showed little difference between test and 
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control conditions (differences of -0.1 beats per minute at 2 min¬ 
utes and 1.5 beats per minute at 7 minutes). In the second study, 
Sheppard and colleagues (1979b) tested 11 males and 12 females 
at two different levels of ETS (i.e., 7 cigarettes over 2 hours, CO = 
20 ppm, or 9 cigarettes over 2 hours, CO = 31 ppm). Under both 
exposure conditions, contrary to expectations, both the increment 
in heart rate and average heart rate were less with ETS exposure. 

In summary, for normal'young adult males and females, no 
significant acute effects of ETS exposure on heart rate or blood 
pressure have been reported, either under resting or aerobic con¬ 
ditions. 

There have been several studies of exposure of normal sub¬ 
jects under resting and aerobic conditions to low levels of CO but 
higher than those found with ETS exposure (reviewed in Envi* 
ronmental Protection Agency, 1984). No significant effects were 
found in healthy, exercising subjects during short-term exposure 
(e.g., Drinkwater et al., 1974; Raven et al., 1974a,b; DeLucia et 
al., 1983), 
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Angina Patients 

\ 

Angina pectoris is a symptom complex involving feelings of 
r pressure and pain in the chest* which is produced by mild exercise 

*. or excitement, presumably because of insufficient oxygen supply 

v to the heart muscle. Under conditions of ETS exposure, the CO 

(; levels are increased, thus possibly placing individuals with angina 

at an increased risk of recurrent episodes. 

Anderson et al. (1973) and Aronow and his colleagues, in a 
series of experiments (1973,, 1974, 1978, 1981); (Table 14-3), stud¬ 
ied angina patients under aerobic conditions with exposures to lbw 
levels of CO and to ETS. Ten patients with diagnosed angina pec¬ 
toris, of whom two were smokers and eight exsmokers, were tested 
(Aronow et al., 1978). Significant increases in systolic blood pres¬ 
sure and heart rate, and decreases in time to onset of angina, were 
noted when the subjects were exposed to smoke in either venti¬ 
lated or unventilated rooms (the actual levels of CO under these 
conditions were not noted). There were some subjective elements 
in the evaluation of these patients, and the physician conducting 
these tests was aware of the test conditions, i.e., smoking or not 
and ventilated or not. Consequently, the findings of this study, in 
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table 14-3 Acute Cardiovascular Effects of Exposure to CO or 
Environmental Tobacco Smoke by Nonsmoking Angina Patients 


Study 

Design: 

No. 

Conditions 

Results 

Anderson el al.. 

1973 

Double-blind. 

Cross-over 

10" 

CO: 50 ppm 
or 100 ppm 
Time: 4 h 
for S days 

Mean duration before onset 
ofipain shortenedi(50 ppm 
and 100 ppm); duration 
of pain longer (100 ppm 
only): 

Aronow and Isbell, 
1973 

Double blind. 
Cross*over 

10* 

CO: 50 ppm 
Time: 2 h 

Times until onset decreased; 
decrease in BP and heart 
rate at angina 

Aronow. 1978 

Not blinded 

icr 

Nb.xigi: 15 
Time: 2 h 

Room: 30.25 m 3 

Earlier onset of angina: in¬ 
creased systolic BP and 
heart rate at angina 

Aronow et al.. 1979 

Doubit-blind. 

Cross-over 

20 

COHb: 4% 

Impairment in visualization 
test 

Aronow, 1981 

Double-blind. 

Cross-over 

IS 

CO: 50 ppm 
Time: 1 h 

COHb: 2% 

Time until onset decreased; 
decreased systolic BP and 
heart rate at angina 


"Includes five smokers and five nonsmokers. 

*Nol current smokers, 

f Includes eight exsmokers and two current smokers. 


, the absence of a true double-blind approach, require verification 

by other research workers. 

The effects of rapid angina onset would be expected to be due 
to increased COHb levels. Anderson et al. (1973) and Aronow et 
al. (1973> 1981) exposed angina patients to low levels of CO. In 
these studies, angina pain appeared when COHb levels of patients 
were measured at 2 and 4%. These studies have been reviewed ex¬ 
tensively as part of the Environmental Protection Agency’s (1984) 
i activity in establishing air quality criteria for carbon monoxide. 

The review group found that the results were suggestive for ef¬ 
fects at COHb levels above 3%, based on animal and theoretical 
models. There is concern that elevated levels of CO exposure may 
affect the electrical stability of the heart in previously compro¬ 
mised heart muscle, thus possibly leading to sudden deaths The 
levels reviewed in Table 14-1 are close to the 3% levell This sug¬ 
gests that there is reason to be concerned with possible effects 
of exposure. However, a firm quantitative estimate of the risk to 
nonsmoking persons, under conditions of ETS exposure, cannot 
l be made from the literature at this time. 
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CARDIOVASCULAR DISEASE 
MORBIDITY AND MORTALITY 

Possible pathophysiologic mechanisms for the atherogenic in¬ 
fluence of cigarette smoking were reviewed in the 1983 Report of 
the Surgeon General. Experimental studies of subcutaneous or 
intravenous administration of nicotine in rabbits (Schievelbein et 
al. r 1970; Schievelbein and Richter, 1984) and monkeys (Liu et 
al, 1979) have demonstrated that long-term exposure leads to ar¬ 
teriosclerotic lesions. Exposure to carbon monoxide also leads to 
atherosclerosis in rabbits, pigeons, and other animals (Astrup and 
Kjeldsen, 1979). Studies of whole tobacco smoke indicate that to¬ 
tal serum cholesterol concentrations are increased and the ratios of 
the various lipoprotein fractions are changed (McGill, 1979). The 
contribution of whole tobacco smoke to modifying the lipoprotein 
fractions is not conclusive. However, there have not been experi¬ 
mental studies of the effects of ETS exposure or administration of 
ETS extracts. 


Smoking and Cardiovascular Disease 

The effects of active smoking on human health are summa¬ 
rized in the Surgeon General’s report The Health Consequences 
of Smoking: Cardiovascular Disease (U.S. Public Health Service, 
1983). The principal conclusions are that cigarette smokers ex¬ 
perience a 70% greater coronary heart disease (CHD) death rate 
than do nonsmokers and that smokers of more than two packs per 
day have 2 to 3 times greater CHD death rates than nonsmokers. 
The incidence of CHD in smokers is twice that of nonsmokers. 
Heavy smokers (more than two packs per day) have an almost 
fourfold increase. The relative risk in smokers for sudden death 
is greater than that for all deaths from CHD. The relative risk in 
young smokers is greater than that in older smokers. The rela¬ 
tive risk for young women smokers, especially those who use oral 
contraceptives, is greater than 5. 

The excess relative risk associated with smoking declines 
rapidly upon cessation of smoking, in some studies as much as 
50% in 1 year. For exsmokers who previously smoked more than 
one pack per day, the residual excess risk also declines, but never 
completely disappears. The decline in risk on cessation of smoking 
cannot be explained by differences in known cardiac risk factors 
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between individuals who continue smoking and individuals who 
have quit. Smokers who have used only pipes or cigars did not 
appear to experience a substantially greater CHD risk than non- 
smokers. 

The rapid decline in risk associated with smoking cessation 
and the greater relative risk for sudden death suggest that active 
smoking can precipitate cardiac events in individuals with preex¬ 
isting coronary artery disease. Autopsy evidence of increased arte¬ 
riosclerosis in smokers, coupled with the fact that risk of exsmok¬ 
ers never returns to the levels found in nonsmokers, suggests that 
cigarette smoking is also implicated in the development of arte¬ 
riosclerotic cardiovascular disease (ASCVD). The mechanism by 
which cigarette smoke may lead to the develbpment of chronic 
ASCVD, sudden death, or acute myocardial infarction is unknown. 
There appears, however, to be no threshold in the number of 
cigarettes smoked below which there is no increase in risk. 

Data on uptake of cotinine by nonsmokers exposed to ETS 
indicate that the exposure in nonsmokers chronically exposed to 
ETS is approximately 1% that of an active smoker (who smokes 
one pack per day) (see Chapters 8 and 12). If the excess relative 
risk for CHD mortality or morbidity is a linear, nonthreshold 
function of dose and, further, if the excess risk of CHD in a one- 
pack-a-day smoker is twofold, then the relative risk from CHD 
in nonsmokers exposed to ETS (compared to true nonsmokers) 
would be approximately 1.02. Such relative risks would be difficult 
to detect or estimate reliably in nonexperimental studies. Such 
small increases in relative risk are of the same order of magnitude 
as what might arise from expected residual confounding due to 
unmeasured covariates. Nonetheless, because of the large number 
of cardiovascular deaths each year, these possibilities deserve close 
attention and further study that could lead to firmer estimates of 
excess risk. 


Studies of Environmental Tobacco Smoke Exposure and 
Mortality from Cardiovascular Disease 

Garland et al. (1985) have reported that, in a prospective 
study of the effect of passive smoking, the age-adjusted rates 
of cardiac disease deaths in nonsmoking women whose husbands 
were former or current smokers were significantly elevated. It is 
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not certain, however, that the report is correct, because of a possi¬ 
ble miscalculation or misuse of the Mantel-Haenszel statistic and 
some other methodologic problems. Data for the wives of former 
smokers were grouped with wives of current smokers. If this group¬ 
ing were made after examining the data, which indicated that the 
risk was greater among the women whose husbands were former 
smokers, then this combination would be suspect. The p values 
based on the Mantel-Haenszel test may be inappropriate in view 
of the small sample sizes. The authors employ the Cox Propor¬ 
tional Hazard analysis to control for other factors associated with 
cardiovascular risk, such as age, blood pressure, cholesterol, obe¬ 
sity, years of marriage, etc. They report a relative risk for women 
married to current or former smokers compared with women mar¬ 
ried to never-smokers of 2.7 (Garland, 1985, corrected from an 
earlier report)i The p value (< 0.10) associated with this esti¬ 
mate is based on the asymptotic assumptions that are implicit in 

* likelihood-based inference from the Cox model. These assump- 

■ tions may not hold for small sample sizes. In summary, because of 

3. the small sample sizes, the significance calculations arising from 

* this study must be looked upon as approximations. 

* Gillis et al. (1984) reported the results of a follow-up study 

X of residents of two urban communities in Scotland. Nonsmokers 

exposed to cigarette smoke in their homes had a slightly higher rate 
} of myocardial infarction than those unexposed. The sample size 

l was small, so that few of the results were statistically significant, 

* and other risk factors for myocardial infarction were not controlled 

f' for. 

Hirayama (1984) reported the results of a 15-year prospective 
study of nonsmoking Japanese women classified at start of follow¬ 
up by the smoking status of their husbands. A relative risk from 
ischemic heart disease of 1.3 was found for nonsmoking women 
whose husbands smoked more than 19 cigarettes per day com¬ 
pared with nonsmoking women whose husbands did not smoke. A 
Mantel-Haenszel test for a linear trend was significant at the p < 
0.01 level. 

It is unlikely that Hirayama’s results can be explained by 
chance. The potential biases inherent in this study (see Chapter 
12) limit the weight that can be placed on these results. The 
observed relative risk of 1.3 is at the upper limit of the expec¬ 
tations derived from extrapolations from active smokers, unless 
the uptake of the active component of cigarette smoke to which 
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passive smokers are exposed is of the order of 10% of that of active 
smokers. Matsukura et al. (1984) have suggested that such high 
levels of uptake in passive smokers may be seen in Japan. If there 
were independent evidence that nonsmokers exposed to other peo¬ 
ple's cigarette smoke do not differ on known risk factors for CHD 
from unexposed nonsmokers* more reliance could be placed on 
Hirayama’s results. 

Svendsen et al. (1985) reported on the effect of cigarette smoke 
exposure to smoking wives among men participating in the Multi¬ 
ple Risk Factor Intervention Trial (MR-FIT).. MRFIT, which began 
in the mid-1970s, was a randomized primary prevention trial de¬ 
signed to test the effect of a multifactor intervention program on 
mortality from coronary heart disease in men with previous car¬ 
diac episodes. The men were chosen for participation if they had at 
least two of three risk factors for heart disease, including smoking, 
high cholesterol levels, or high blbod pressure. The results re¬ 
ported by Svendsen et al. (1985), based on the group of men who 
never smoked but whose wives may or may not have been smokers, 
indicate no difference between exposed (i.e., smoking wives) and 
nonexposed (i.e., nonsmoking wives) of nonsmoking men for blood 
pressure or serum cholesterol. The MRFIT study demonstrates a 
roughly twofold increase in the risk of CHD mortality and morbid* ^ 

ity among nonsmokers exposed to ETS. The sample size was small, 
and the results were not statistically significant. Adjustment for ^ 

other risk factors for CHD did not change the estimates of effect. 1 

SUMMARY AND RJECOMMENDATIONS ‘ ' 

What Is Known 

1. No statistically significant effects of ETS exposure on heart 
rate or blood pressure were found in healthy men, women, and 
school-aged children during resting conditions. During exercise 
there is no difference in the cardiovascular changes for men and 
women between conditions of exposure to ETS and control condi¬ 
tions. 

2. With respect to chronic cardiovascular morbidity and mor¬ 
tality, although biologically plausible, there is no evidence of sta¬ 
tistically significant effects due to ETS exposure, apart from the 
study by Hirayama in Japan. 
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What Scientific Information Is Missing 

1. Experimental studies with animal models need to be per¬ 
formed with ETS to determine whether the cardiovascular changes 
seen following exposure to whole smoke alko occur following expo¬ 
sure to ETS. 

2. Existing studies have not provided evidence of serious 
harm in people with heart disease.. With regard to angina onset, 
the findings are uncertain and need to be repeated. 
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Environmental Tobacco Smoke and 
Cardiovascular Disease: A Critique of 
the Epidemiological Literature and 
Recommendations for Future Research 

Lawrence M. Wexler, PhD. 

Nfcw York Medical College 

T his paper evaluates the current epidemiological literature examining 
the possible relationship between exposure to environmental tobacco 
smoke (“ETS”) and cardiovascular disease. Based on the available 
evidence, it is this author’s opinion that it has not been demonstrated that 
exposure to ETS increases the risk of cardiovascular disease. This paper eval¬ 
uates seven studies that examine this issue (table 8-1). Five of the srudies are 
prospective in nature, one is a case-control design (retrospective)^ and one is 
an' experimental design examining the biological plausibility of a link be¬ 
tween ETS and cardiovascular disease. 

Several key points of epidemiology need to be mentioned here, and 
should'be kept in mind when reading the critiques of the seven studies. To 
prove causality five criteria need to be met. The first relates to the strength 
J of the association. There are three elements to this criterion. First, there must 
be a statistically significant increase in the incidence of the disease in the 
» exposed population compared with the non-exposed population. Second, for 

j the association to be regarded as meaningful, a relative risk of 2.0 or greater 

I is generally considered necessary’. Thirds the association should also be dose 

J. dependent, i.e., higher doses are associated with higher incidence of disease, 

[j The second point is that consistency of the association must exist among 

the relevant studies. This means that similar rates of disease must occur at 
•. different times and places, under comparable study designs, 
i. A third point deals with the temporal! aspect of the association. This 

g means that exposure to ETS should have occurred at a reasonable time before 

j;. the onset of disease, given what is known about how long it takes for cardio¬ 

vascular disease to develop. 

A fourth point is specificity of the association. With ETS, this means that 
I exposure to ETS must be shown to be associated with cardiovascular disease 
[ while controlling for all confounding variables. 
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Table 8-1 continued 


Design 

Findings 

Methodological 

Problems 

6. Lee (1986)1 

Case-control] 

Ischemic heart disease 
cases and controls did 
not show a statistically 
significant difference in 
their exposure to 
invoiuntary smoking, 
based on smoking 
habits of spouses or on 
an index accounting 
for exposure at home, 
at work, and during 
travel and leisure. 

Case-control 
methodological issues: 

7. Aronow 
(1978) 

Experimental design. 

ETS aggravates angina 
pectoris. 

1. Endpoint'of angina 
based on subjective 
evaluation. 

2. Stress not controlled 
for 


The fifth point is that there must be biological plausibility. This means 
that under experimental conditions exposure to the pertinent substance (or 
similar substances) must be shown to cause biological changes that can lead 
to the disease in question. 

All five conditions must be met for causality to be established. We will 
return to these points at the end of the paper, when we examine recommen¬ 
dations for future researchi 


I. Summary of Epidemiological Literature 
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A. Prospective Studies 

1. Hirayama. Hirayama (1984) conducted a prospective cohort study in 29 
health center districts in six prefectures in Japan between January 1966 and 
December 1981. In total, 265,118 adults (122,261 men and 142,857 women) 
aged 40 years and over were followed. Ninety-five percent of the census pop¬ 
ulation was interviewed between October and December 1965. Also, 
Hirayama established a record linkage system under which he gathered and 
analyzed death certificates, risk factor records, and a residence list obtained 
by an annual census. Questions on smoking habits were asked independently 
of husbands and wives at the beginning of the study. There were 91,540 nom 
smoking married women whose husbands' smoking habits were reported by 
questionnaire. 
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In 1981, Hirayama (1981) concluded that “husbands’ smoking habits 
seemed to have no effect on their non-smoking wives 1 risk of developing isch¬ 
emic heart disease.” Hirayama reported age/occupation standardized risk ra¬ 
tios for ischemic hean disease in non-smoking women by smoking habit of 
husband. When the husband was a non-smoker, the relative risk was 1.0. 
When the husband was an ex-smoker or smoked 1-19 cigarettes per day, the 
relative risk was .97. When the husband smoked 20 or more cigarettes/day, 
the relative risk was 1.03, and the reponed p value was not significant at 
0.393. 

Hirayama (1984); in a 1984 paper, reponed an elevated risk of ischemic 
hean disease morbidity based on further analyses. The relative risk for non¬ 
smoking married women for husbands who were non-smokers was 1.0; for 
husbands who were ex-smokers or smoked 1-19 cigarettes/day the relative 
risk was 1.10; and for husbands who smoked 20 or more cigarettes per day, 
the relative risk was 1.31, with a 90% confidence interval of 1.06 to 1.63^ 
The reponed p value was significant at .019. 

Hirayama’s study has severali major methodological problems. The first 
problem is potential misclassification of smokers and nonrsmokers. Many of 
the wives who stated they were non-smokers may in fact be ex-smokers or 
even current smokers, and thus likely to have had or continue to have direct 
(as opposed to indirect)'exposure to cigarette smoke. 

The second problem is that Hirayama s study included a disproportionate 
number of women of lower socioeconomic status. In Japan, these women live 
in much closer proximity to their cooking quarters and may have more ex¬ 
posure to charcoal or kerosene stoves than women of higher socioeconomic 
status. This exposure has been'associated with lung cancer in women inHong 
Kong. Women in Japan of a higher socioeconomic status live farther away 
from their kitchens and are more likely to use electric burners. The Hirayama 
study failed to controllfbr these confounding variables, which may be asso¬ 
ciated with ischemic heart disease. 

A third problem is the misclkssification of dose response. Ex-smoking 
husbands were lumped with current cigarette smokers of 1-19 cigarettes/day. 
Because ex-smokers are very different in their cigarette exposure rates and 
lifestyles than smokers of 1-19 cigarettes/day, this could skew the data. 

A fourth problem is that Hirayama only examined the exposure of the 
wife in the context of the husband’s cigarette smoking behavior. No attempt 
was made to quantify any exposure to ETS outside of the home, such as in 
the workplace. 

A fifth problem is that the Hirayama study was not representative of 
Japanese society but only of an agriculturally based population, which is not 
typical for Japan. In addition, six prefectures were chosen to participate in 
the study based on the fact that they appear to have had the best conditions 
for collecting data. Hence, random sampling was not usedl 
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A sixth problem is that the Hirayama study did not control for other risk 
factors associated with cardiovascular disease, i.e., systolic blood pressure 
and plasma cholesterol. 

Although the Hirayama study offers a large prospective cohort to ex¬ 
amine the relationship between presumed exposure to environmental tobacco 
smoke and ischemic heart disease, one can not draw definitive conclusions 
because of the aforementioned methodological problems. 

2. Garland. Garland (1985) conducted a prospective cohort study commen¬ 
cing in 1972-1974 in Rancho Bernardo, a white middle-class suburb of San 
Diego, California. The entire adult population was invited to participate, of 
which 82% agreed. The authors report that the respondents were represen¬ 
tative of the total population with regard to age and sex. 

All respondents were administered a standardized inventory, including 
questions about age, cigarette smoking, history of past hospitalizations for 
heart attack, heart failure or stroke, and number of years married! Cigarette 
smoking was assessed as current, former or never. Only current smokers were 
asked the number of cigarettes they smoked per day. No data were obtained 
for duration of smoking. In addition, blbod pressure and plasma cholesterol 
were obtained. 

An annual mailing was utilized to determine vital status for the next ten 
years. Death certificates were obtained for all decedents. Diagnosis of isch¬ 
emic heart disease was validated by interviews with family and physicians, 
and/or examination of hospital records, for 85% of the deceased group: 

Six hundred ninety-five (695) currently married nonsmoking women, 
ages 50-79, with no previous history of heart disease or stroke were followed' 
based on their husband's self-reported smoking status in 1972-1974. 

The results, after adjusting for age, systolic bibod pressure, total plasma 
cholesterol* obesity index and years of marriage gave a relative risk of 14.9 
of deaths from ischemic heart disease for women married'to current or for¬ 
mer smokers at entry compared with'women married to never smokers. The 
p value was not significant, p < .10i 

Important methodological problems exist with the Garlknd study. The 
first is that Garland later reported a corrected relative risk of 2.7 (not 14.9 
as reported in the 1985 publication). The p value is still < .10 and not 
significant. 

The second problem is that after ten years of follow-up, only 19 deaths 
from ischemic heart disease occurred. This small sample size is compounded 
by the fact that 15 of the 19 deaths occurred in nonsmoking women married 
to husbands who had stopped smoking at entry. Without more detailed char¬ 
acterization of these women’s exposure to ETS, it is difficult to show an as¬ 
sociation between ETS and ischemic heart disease. As the study did! not as¬ 
certain number of cigarettes smoked per day in former smokers, it is not 
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possible to measure any sustained effects of ETS in this former smoking 
group. 

Another methodological problem is that wives of former smokers were 
grouped with wives of current smokers, and it is difficult to determine the 
exact effect of ETS for this former smoking group. 

Although the Garland: study does make an attempt in a prospective co¬ 
hort study to measure the effects of possible exposure to ETS on ischemic 
heart disease, and does control for important cardiovascular confounders, 
such as obesity, blbod pressure and cholesterol, the small sample size and the 
lack of adequate measurement of ETS in a former cigarette smoking group 
make the results only suggestive and certainly not definitive. 

3. Gillis. The Gillis study (1989) consists of a prospective cohort comprised: 
of men and women aged 45-64 years who resided in two towns, Renfrew 
and: Paisley, in the west of Scotland, between 1972 and 1976. Residents 
(15,399) of these two towns who met the age and residency criteria (an 80% 
response) agreed to participate; 7,997 were subjected to a cardiorespiratory 
screening examination, a self-administered questionnaire that included ques¬ 
tions on smoking behavior. The eventual sample was comprised of 3,960 men 
and 4,037 women where it was possible to study varying exposures to to¬ 
bacco smoke by cohabitees. Four groups were established for analysis 
purposes: 

1. Control—neither the case nor anyone living at the same address had:ever 
smoked. 

2. Presumed ETS exposure in the home—the case had never smoked but 
lived at the same address as a subject who had smoked. 

3. Single smoking—the case was a smoker or an ex-smoker and lived at the 
same address as a person who had never smoked. 

4. Double smoking: the case was a smoker or an ex-smoker who lived at 
the same address as a subject who was also a smoker or ex-smoker. 

Mortality was used as an endpoint and was obtained from the National 
Health Service. Cardiovascular signs and symptoms were also noted. Data 
presented were complete through December 1985, for an average follow-up 
of 11.5 years. 

The authors present relative risks and 95% confidence intervals adjusted 
for age, sex, social class, diastolic blood pressure, scrum cholesterol concen¬ 
tration and body mass index. Total mortality for ischemic heart disease was 
higher among those reportedly exposed to ETS in the home than controls. 

Women with ETS exposure in the home were broken into two dose re¬ 
sponse categories for further analyses. These included: (I) the high exposure 
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group, where the woman's cohabitee smoked 15 or more cigarettes daily, and 
(2) the low exposure group where the women’s cohabitee smokediless than 
15 cigarettes daily. Age-adjusted mortality from ischemic heart disease was 
higher for those in the high exposure category than in the low exposure 
group. 

Relative risk was adjusted for age, sex, social class and cardiovascular 
variables including diastolic blood pressure, serum cholesterol concentrations 
and body mass index. Compared with controls, the relative risk was 2,01 for 
ischemic heart disease and was not significant. 

The Gillis paper has several methodological problems. The first is that it 
does not have sufficient power to demonstrate an association between ETS 
and ischemic heart disease. The sample size is too small. 

A second problem is that the relative risk of 2.01 for ischemic heart dis¬ 
ease for non-smokers compared with controls is too similar to the relative 
risk of 2.27 for active smokers compared with controls to make sense. An 
explanation for this is not clear, but may be due to small sample size as well. 

Potential biases also exist in the Gillis study. One potential bias is that 
those exposed to ETS within the home may have had higher exposures to 
ETS outside of the home compared with controls. A second potential bias is 
misclassification of women as non-smokers when they may be former smok¬ 
ers or current smokers. 

Although the Gillis study suggests an association between ETS and car¬ 
diovascular mortality in non-smokers, the data lacks any statistical signifi¬ 
cance. Also, the study reports some confusing and similar relative risks for 
active and passive smokers, and is confounded by several important meth¬ 
odological biases. This study should be replicated in a much larger study 
population, with adequate statistical power. 

4. Svendsen. Svendsen (1987) reports the results of the Multiple Risk Factor 
Intervention Trial (MRFITJ, conducted from 1973-1982. The trial consisted 
of men* aged 35-57, recruited from 18 cities in the Uhited States. Males who 
felli within the upper 10—15% risk score distribution!for heart disease, based 
on an index comprised of serum cholesterol concentration, cigarette smoking 
and diastolic blood pressure, and free of oven coronary heart disease were 
randomized to one of two groups: (1) special intervention or (2) usual care. 
Partiripants in both groups were seen annually over six to eight years for risk 
factor measurement and a medical examination. A detailed smoking history 
was obtained at baseline and at all subsequent annual visits. Cause of death 
was evaluated by a committee of three cardiologists after examination of 
death certificates and other medical records. 

Fourteen hundred of 12,866 men reported that they had never smoked 
at entry into the study. Of these 1400* 1,245 were married. Of the later 
group, 286 were married to women who smoked and 959 were married! to 
women who did not smoke. 
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The results compared ETS exposed husbands and non-ETS exposed hus¬ 
bands, where the husbands had never smoked. None of the endpoints showed 
statistical significance between the two groups, before or after adjustment for 
several variables, including age, baseline blood pressure, cholesterol, weighty 
alcohol consumption and education. 

However, within the exposed group, increasing levels of cigarettes 
smoked daily by the wife had a statistically significant dose response re¬ 
lationship with husbands’ CHD deaths. This is technically significant (p « 
0.04;) but is based on only one death in the 1-19 cigarettes smoked/d ay cate¬ 
gory. 

A second analysis lumped never smoking husbands with ex-smoking hus¬ 
bands, calling these non-smoking husbands. This group was then evaluated 
on the basis of the smoking status of the wife. Non-smoking husbands of 
smokers did not show a statistically significant result when compared with 
husbands of non-smoking wives for mortality from CHD (p = 0.15} or from 
CHD itself as an endpoint (p = .10)i 

Several methodological problems exist in the Svendsen report. One prob¬ 
lem is possible misclassification of husband’s smoking sums either at entry 
or subsequently. A second problem is that the wife’s smoking sums was based 
on interviews with the husband, and not on direct questioning of the wife. 

There is also an alcohohrelated bias, as MRFIT ETS-cxposed husbands’ 
had two drinks per week, on average, more than non-ETS exposed husbands, 
and this alcohol effect could explain the observed statistical significance in 
dose response. 

Finally, by combining ex-smoking husbands with never smokers, Svend¬ 
sen confounds any past effects of active smoking by the husband with expo¬ 
sure to ETS. 

The MRFIT study serves as an exemplary prospective trial for its design 
and conduct. However, lack of statistical significance, failure to control for 
several confounding variables (such as alcohol consumption), misclassifica¬ 
tion, and misgrouping make it difficult to draw any conclusions from the 
study. 

5. H els mg. The Helsing (1988) paper examines death certificates collected 
from July 1963 through July 1975 for a population living in July 1963 in 
Washington County, Maryland* This is based on underlying cause of death 
of arteriosclerotic heart disease including coronary disease (International 
Classification of Disease [ICD] -420) and other myocardial degeneration 
(ICD 422)i As of July 15, 1963, 98% of the residents were asked questions 
that included information on sex, age, race, marital status, years of schooling, 
housing characteristics, information on cigarette, cigar and pipe smoking 
habits, as well as frequency of church' attendance, for each household mem¬ 
ber aged 16.5 years or older. 

Among 22,973 white men and 25,369 white women 25 years of age and 
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older in the 1963 census, 4,162 men and 14,873 women reported that they 
had never smoked. The 1971 follow-up population was a subset of these 
numbers: 3,454 men and 12,345 women. 

The results showed that death rates from arteriosclbrotic heart disease 
were higher among men (relative nsk = 1.31) and women (relative risk = 
1.24) who lived with smokers in 1963, after adjustment for age, marital sta¬ 
tus, years of schooling and quality of housing index. For women, relative risk 
increased significantly (p < .005) with increasing levels of exposure, but for 
men, there w r as little evidence of a dose response relationship. 

Several methodological problems exist with the Helsing paper. The first 
major problem is that the only smoking data that was collected on every 
person was in 1963i Hence, no changes in smoking habits over the 12-year 
period were ascertained. In addition^ no data were collected on other risk 
factors for heart disease such as diet, exercise, blood pressure and cholesteroll 
Finally, no ETS exposure outside the home was measured. 

B. Case-Control Study 

1. Lee. The Lee (1986) study is a case control (retrospective) study to eval¬ 
uate the possible relationship between cigarette smoking and risk of lung 
cancer, chronic bronchitis, ischemic heart disease and stroke. The original 
questionnaire was administered in ten hospital regions in England; between 
1977 and 1982. Although not recorded initially, ETS exposure data was sub¬ 
sequently collected in 1979 for married patients in the last four regions. 

Two hundred cases and 200 matched controls were collected for each sex 
(male, female) and age (35—44, 45-54, 55-64, and 65-74) grouping to ex¬ 
amine the possible relationship between ETS exposure and diagnosis of isch¬ 
emic heart disease. Also matched were hospital region and^ when possible, 
hospital ward and time of interview. 

Ischemic heart disease cases and controls did not show a statistically sig¬ 
nificant difference in their exposure to ETS, based either on smoking habits 
of spouses or on an index accounting for exposure at home, at work, and 
during travel and leisure. 

Although the Lee study is one of the few to attempt to examine non- 
spousal ETS exposure, it raises the genera] methodological issues that sur¬ 
round retrospective case control studies. In its finding of non-statistical! 
significance for any trends of association between ETS and cardiovascular 
illness, the Lee paper confirms the need for execution of better controlled 
prospective trials. 

C. Experimental Design 

1. Aronow. The Aronow* (1978) paper describes an experimental design to 
examine the possible relationship between exposure to ETS and exercise-in¬ 
duced angina in both a well ventilated and an unventilated room. 
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The design induded ten men (eight non-smokers and two smokers) who 
exercised upright on a bicycle ergometer with a progressive work load until 
the onset of angina pectoris. Subjects were randomized to three groups: no 
smoking* smoking in a well ventilated room* or smoking in an unventilated 
room. 

Aronow has suggested that the results of his study demonstrate that, un¬ 
der the conditions of the experiment, ETS exposure causes anginal pain to 
develop soon after exerdse. In addition, the data from the study indicate that 
exposure to ETS causes an increase in carboxyhemoglobin, more after ETS 
exposure in an unventilated room than after ETS exposure in a ventilated 
room. 

Several major criticisms of the Aronow study include: (1) the use of sub¬ 
jective pain as an end point without double blinding, (2) a very small sample 
size that can lead to a large variance based on just one or two subjects chang¬ 
ing their responses, (3) problems associated with the Hawthorne effect (sub¬ 
jects tend to produce symptoms suggested to them], and (4) failure to control 
for stress. 
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D. Conclusions 

The Surgeon General’s Report of 1986 (1986) examined the studies of 
Hirayama, Gillis, Garland and Aronow, and conclbded that “further studies 
on the relationship between involuntary smoking and cardiovascular disease 
are needed in order to determine whether involuntary smoking increases the 
risk of cardiovascular disease.” 

The National Research Council (1986) in 1986 reviewed the prospective 
studies of Garland, Gillis, Hirayama and Svendsen, as well as several!exper¬ 
imental designs examining the biological plausibility of the association of 
ETS and cardiovascular disease, and concluded that: 

1. No statistically significant effects of ETS exposure on heart rate or blood 
pressure were found in healthy men, women, and school-aged children dur¬ 
ing resting conditions. During exercise there is no difference in the cardio¬ 
vascular changes for men and women between conditions of exposure to 
ETS and control conditions. 

2. With respect to chronic cardiovascular morbidity and mortality, although 
biologically plausible, there is no evidence of statistically significant effects 
due to ETS exposure, apart from the study by Hirayama in Japan. 

It is the opinion of this author that none of the studies critiqued in this 
paper provides any basis for altering the Surgeon General’s and NAS’s con¬ 
clusions concerning ETS and cardiovascular disease. 

This conclusion is reinforced by the findings of Schieveblein and Richter 
(1984). They report that, under real-life conditions, persons exposed to ETS 
inhale only approximately .02 to .01 of the amount of particulate matter 
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taken up by active smokers. Also, nicotine concentration in serum > of ETS- 
exposed individuals is within a range that is barely distinguishable from the 
background level, and the increase in car boxy hemoglobin rarely exceeds 1%. 
The authors conclude that exposure to ETS “is not likely to have an effect on 
the development and progression of CHD ” 


II. Recommendations for Future Research 

To provide meaningful recommendations for future research, it is necessary 
to evaluate the existing studies of ETS exposure and cardiovascular disease 
in light of the five criteria for causality discussed at the beginning of this 
paper. 

The NAS concluded that a relationship between ETS exposure and car¬ 
diovascular disease is biologically plausible, and each of the studies reviewed 
in this paper appears to provide an adequate temporal association between 
ETS exposure (as measured by spousal smoking) and the onset of cardiovas¬ 
cular disease. However, the studies fail to meet one or more of the remaining 
criteria for causality. 

Of the six studies concerning ETS exposure and cardiovascular morbidity 
and mortality, only two (Hirayama and Helsing) reported statistically signif¬ 
icant relative risks for exposed compared to non-ex posed populations, and 
neither study reported a relative risk greater than 2. Hirayama reported a 
dose dependent relationship but Helsing did not. 

None of the studies demonstrate a specificity of association between ETS 
exposure and cardiovascular disease. Each of the studies fails to control for 
one or more important confounding variables, including lifestylb, blood pres¬ 
sure, serum cholesterol; obesity and socioeconomic status. None of the stud¬ 
ies provides an accurate measurement of ETS exposure. Alii of the studies 
suffer from one or more serious methodological problems, including small 
sample size and possible misclassification of spousal smoking status. These 
confounding variables and methodological problems also preclude any dem¬ 
onstration of consistency of association among the existing studies. 

In view of the inadequacy of existing studies, it is logical to consider 
whether the Framingham Heart Study might provide an adequate basis for a 
definitive evaluation of the relationship between ETS exposure and heart 
disease. 

The Framingham Heart Study, initiated during 1948-1950, is comprised 
of a study cohort from a random subsample of the adult residents of Fra¬ 
mingham, Massachusetts, of which 69% respondedL No reports on ETS and 
heart disease have been published under the Study, but spousal smoking hab¬ 
its could be determined from the Study's data base. Although an effort could 
be made to measure ETS effects on heart disease in the Framingham Study, 
this would not be likely to provide an adequate basis for a definitive evalu¬ 
ation of ETS and heart disease. 
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The critical problem is that the Framingham'Study does not provide a 
basis for an accurate measurement of ETS exposure, especially outside of the 
Home. Use of data on spousal smoking habits as a surrogate for ETS exposure 
has been shown to present serious methodological and other problems in 
existing studies. 

In any event, the recent paper by Seltzer (1989) suggests that the Fra¬ 
mingham Study is not likely to show a significant association between ETS 
exposure and heart disease. Seltzer’s paper compares the Surgeon General’s 
statements regarding the association between active smoking and heart dis¬ 
ease with the data in the Framingham Study. Seltzer points out that the Fra¬ 
mingham data differ from the Surgeon General’s conclusions in several im¬ 
portant respects: 
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1. The Surgeon General asserts a four-fold greater CHD incidence in men 
who are heavy smokers as compared to non^mokers; Framingham re¬ 
ports relative risk ratios less than two. 

2. The Surgeon General asserts that cigarette smoking among women has a 
predictive association with CHD; Framingham finds no such association. 

3. The Surgeon General states there is an increase of CHD with increase of 
duration of smoking; in the Framingham Study, this increase is absent. 

4. The Surgeon General claims that rates of CHD eventually are reduced in 
ex-smokers to those somewhere between smokers and non-smokers, and 
sometimes, after many years, falling to the level of non-smokers. The 
Framingham data are surprising in that reductions in CHD among ex- 
smokers is below levels for never smokers! This suggests that a selection 
bias may exist. 

Given the relatively small effect of active smoking on heart disease re¬ 
ported in the Framingham Study, it appears unlikely that any effect of ETS 
exposure on heart disease could be measured under that Study. 

In view of the lack of adequate existing data, future studies need to be 
performed that carefully examine the relationship between exposure to ETS 
and cardiovascular disease. It is the hope of this author that the critiques 
presented in this paper, examining many of the methodological problems as¬ 
sociated with existing ETS epidemiological studies, will be of use to well- 
trained scientists. Familiarity' with the five key points of causality in epide¬ 
miology is critical in designing studies that can clearly show whether any 
association exists between exposure to ETS and cardiovascular disease. 

Based on the analysis in this paper, a meaningful future study should 
contain at least the following elements: 

1. A representative sample large enough to yield adequate statistical power. 

2. A design that provides control for important confounding variables, in- 
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eluding blood pressure, diet^ alcohol consumption, plasma cholesterol, 
body weight, sex, socioeconomic status and exposure to environmental 
substances other than ETS. 

3. A mechanism for accurate measurement of ETS exposure, including ex¬ 
posure outside the home, and adequate follow-up of exposure status. 

4. A prospective design specifically developed to satisfy* the criteria for 
causality. 
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J oseph Ww: This paper is now open for discussion. Would the discussants 
please proceed to the desk. 

We’ll have the first comment by Dr. Alan Armitage. 

Alan Armitage: I would like to congratulate Dr. Wexler on his succinct 
presentation and to say that I agree with nearly everything that he has said: 
There’s really not too much data and with six discussants all to say their bit, 
1 will be selective in what 1 say and confine my comments to essentially phar¬ 
macological maners. The big question, of course, is whether exposure to ETS 
represents a health risk for the development of coronary artery disease. We 
need to remember that CHD is, of course, a common cause of death among 
nonsmokers. Moreover, although the public health body considers there to 
be a causal relationship between active cigarette smoking and development 
of CHD, Seltzer in particular has pointed out much that is not wholly con¬ 
sistent with such a story. 

Dr. Wexler referred to five criteria that need to be considered in reviewing 
the ETS cardiovascular data. It is a good discipline to have this checklist 
approach and in addition, particularly when a situation is not clear cut, as is 
the case for ETS and cardiovascular disease, the sensitive, unbiased reviewer 
needs to have a common-sense “feel for the data.” 

There are three points I would like to add to the debate about biological 
plausibility. 

Firsts the question of dosimetry is of particular interest to me because I 
am a pharmacologist. As we were told this morning, the effective dose of an 
ETS exposed individual is a function of the dynamic integration of concen¬ 
tration in various environments throughout the day and the time the non- 
smoker spends in these environments. Assessing accurate dosage under real 
Life conditions is therefore extremely difficult. Frankly, in many epidemio¬ 
logical studies, the assessment is no more than anecdotal. Merely knowing 
something about the spouse’s or partner’s smoking habits is not enough. 
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Since we are considering possible effects of ETS on the cardiovascular 
system, we must be concerned with systemic absorption rather than mere 
deposition. An individual exposed to the diluted smoke w r hich is ETS cannot 
and does not absorb tobacco constituents such as nicotine and carbon mon¬ 
oxide to any significant degree, or any other putative cardiovascular toxicant 
like nitrogen dioxide. Thus, cotinine levels in biological fluids, which are gen¬ 
erally considered to be a reasonable measurement of nicotine absorption of 
nonsmokers exposed to ETS, are approximately one percent of those mea¬ 
sured in active smokers. 

Now, in many studies the association between active smoking and CHD 
is much weaker, or even nonexistent, in femalfe smokers than in male smok¬ 
ers. If in female active smokers an effect of smoking on the development of 
CHD cannot be convincingly demonstrated, I find it difficult to believe that 
such an effect is possible in female nonsmokers exposed to ETS (the favored 
subjects for epidemiological studies), unless there is something exceptionally 
noxious in ETS as compared to mainstream smoke. 

A second point that to me casts doubt on the possibility of any significant 
role of ETS in the development of CHD concerns the pipe smoker. Pipe smok¬ 
ers inhale tobacco smoke actively to a limited extent. They alio commonly 
surround themselves in a cloud of tobacco smoke so that they are probably 
exposed to the highest concentrations of ETS of any group. Yet, they enjoy 
relative immunity from the three major diseases associated with active 
smoking. 

Finally, Dr. Wexler gave us some ideas on the definitive prospective study 
that he believes needs to be undertaken to answer the question I posed at the 
beginning of my commentary. Frankly I would like to question the need for 
such a study. It will cost a lot of money that would probably be better spent 
on other, more important public health issues, as Dr. Roe has suggestedi After 
all, cardiovascular diseases occupied only two pages of the 1986 Surgeon 
General’s Report on the Hfealth Consequences of Involuntary Smoking and 
did not feature at all in the Fourth Report of the U>K. Independent Commit¬ 
tee on Smoking ands Health. 

So my clear advice to nonsmokers, of which I am one, and to those like 
me who are fond of good food, is to watch your weight, watch your diet, 
watch your blood pressure, but don’t get too hung up about ETS. 

Joseph Wu: Thank you; We will now hear comments from Dr. Joseph 
Fleiss. 

Joseph Fleiss: In general, prospective cohort studies are prone to less 
serious bias and are subject to fewer sources of bias than are retrospective 
case-control studies. (Fleiss, J.L. (1981). Statistical Methods for Rates and 
Proportions (2nd edLJiWilfcy, New York.) I believe that this general contrast 
between the two study designs holds for the published studies of the health 
effects of exposure to environmental tobacco smoke, so that the overall qual- 
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ity of the published studies seeking to associate exposure to ETS with coro¬ 
nary heart disease has been superior to the overall quality of the published 
studies seeking to link exposure to ETS with lung cancer. This is not to say 
that the former set of studies, all but one of which have been prospective, are 
free of bias. My comments, which do not duplicate those made by Dr. Wexler 
in his excellent review', shall be specific to the biases that may have affected 
some of the published cohort studies under consideration. 

One kind of bias that should have no place in science is prejudgment: 
deciding beforehand what the final results should be, and then making sta¬ 
tistical decisions and expressing the results so that the conclusions turn out 
the way they were supposed to. Consider, however, the 1985 study by Gar¬ 
land et aL, one of the first to have been published. An inappropriate statistical 
decision the authors made was to perform one-tailed tests. That is, statistical 
significance would be declared only if the mortality rate of ischemic heart 
disease among nonsmoking women married to smokers was significantly 
greater than the mortality' rate from ischemic heart disease among nonsmok¬ 
ing women married to nonsmokers. A difference in the other direction was 
ruled out a priori as either unimportant or unbelievable: “Since we were test¬ 
ing previous findings concerning the risk of passive smoking, statistical sig¬ 
nificance was assessed at one-sided p levels.” 

Their reasoning is flawed. The authors were not retesting previous find¬ 
ings. They were testing, for the first time as far as they knew, an association 
with ischemic heart disease. They were apparently unaware of the chapter by 
Hirayama that had appeared a year earlier (Hirayama, 1984). Even if theirs 
was the tenth study of the effect of ETS on ischemic heart disease, and even 
if each of the preceding nine showed a significant excess incidence in the 
group exposed to ETS, an attitude of open-mindedness would have led them 
to a two-tailed test, 

I was sorry to see sanction given to one-tailed tests in the 1986 Surgeon 
General’s report on ETS: “Given the strength of the evidence on active smok¬ 
ing and disease risk, one-sided testing in the direction of an adverse effect 
seems appropriate for most potential consequences of ETS.” I have argued 
publicly that one-tailed tests are almost never appropriate in randomized clin¬ 
ical trials (Fleiss, J.L. (1987). Some thoughts on two-tailed tests. Control 
Clin . Trials 8: 394: Fleiss, J.L. (1989) One-tailtd versus two tailed tests: Re¬ 
buttal. Control Clin. Trials 10: 227-230.), and do not see any valid reasons 
to excuse epidemiolbgica] studies from the requirement for two-tailed tests. 
More is at stake than the impossibility, with a one-tailed test, of ever finding 
that nonsmokers exposed to ETS might be at significantly less risk than those 
not exposed. Biased decisions might be made concerning which potential 
confounding variables to control for and which not if a difference in the 
“wrong” direction has been ruled out: a potential confounder that moves the 
odds ratio or hazard ratio in the hypothesized direction may be more likely 
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to be included in the analysis than one that moves the measure of association 
in the “impossible” or “unimportant” direction. I am not suggesting that this 
kind of error actually occurred, only that preconceptions as to the possiblfc 
direction of association invite biased judgments. 

After adjusting for differences between the exposed and unexposed: co¬ 
horts in risk factors for heart disease, Garland et al. found the relative risk 
for death from ischemic heart disease to be 2.7, with a one-tailed p-value less 
than 0.10. (Recall that this corresponds to a traditional two-tailed p-value of 
p<0.20.) The authors concluded that “these data are compatible with the 
hypothesis that passive cigarette smoking carries an excess nsk of fatal isch¬ 
emic heart disease.” Nbt stated is the fact that the range of uncertainty is so 
great (the 95% confidence intervals for the relative nsk extends from ap¬ 
proximately 0.6 to over 12.0) that the data are also compatible with no ex¬ 
cess nsk and with a markedly reduced risk of fatal 1 ischemic heart disease 
among those exposed to ETS. Data that are compatible with so many con¬ 
tradictory hypotheses are really compatible with no hypothesis. 

The statistical criteria used by Svendsen et al. in their 1987 paper were 
more appropriate than those used by Garland et all But the statement of their 
major concliision reveals a similar possibility of prejudgment: “Our findings 
... support the hypothesis that passive smoking is associated with an increase 
in morbidity and mortality among nonsmokersThe only morbidity studied! 
by the authors was coronary heart disease morbidity, and it was analyzed 
only in conjunction with coronary heart disease mortality. None of the rela¬ 
tive risks for the composite endpoint of fatal or nonfatal coronary heart dis¬ 
ease was significant at the 0.05 level, even without control for multiple com¬ 
parison artifacts. Once again, the findings support a number of difference 
hypotheses, not just the one stated by the authors. 

1 mentioned a 1984 chapter by Hirayama in'which, apparently for the 
first time, a statistically significant association was reported between a non¬ 
smoking women’s exposure to ETS and her risk of dying from ischemic heart 
disease. There are several problems with Hirayama’s analyses. One concerns 
his erroneously presenting values of critical ratios as values of chi-square. The 
problem is not a trivial one because the same error was pointed out to him 
some years earlier in letters written in response to his initial paper linking 
exposure of ETS with King cancer (Hirayama, 1981 )i Another example of 
possible sloppiness is found in one of his tables (Table 7). When numbers of 
deaths are first subdivided by the spouse’s age group* and are then subdivided 
by the spouse’s age group as well as the spouse’s occupation, one expects 
some reduction in the numbers because of missing data. The tast thing one 
expects are increases in the numbers; that is, more deaths with information 
on two characteristics than with information on one. Nevertheless, this is 
exactly what happened. 

One must wonder what other statistical mistakes Hirayama has persisted 
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in making. Consider his persistence in controlling for the age of the husband 
when analyzing data for the wife. This curious and basically indefensible 
feature of his analytic strategy was also pointed out to him in the correspon¬ 
dence that followed his first paper (Hirayama, 1981) but he never responded 
adequately. The reason wasn’t the unavailability of the wife’s age because he 
finally presented results for lung cancer that controlled for the wife’s age in 
the same chapter in which he presented his results for ischemic heart disease 
(see his Table 2 on p. 180)l 

A striking feature of Hirayama’s data for ischemic heart disease mortality 
in nonsmoking wives is that an association with the husband's smoking 
emerges only after the husband’s age is adjusted for: 


Smoking Habit Odds Ratio* 

of Husband Before Adjustment After Adjustment 


Ex-smoker or 
1-19 per day 

More than 20 


1.01 

1.10 (n.s.) 

0.99 

1.31 (p<0.05) 


per day 

•Versus nonsmoking husbands as the control group. 


Until Hirayama analyzes his heart disease data sensibly by adjusting for 
the effect of the wife’s age and not her husband’s, and adjusting for the effects 
of other confounders, I suggest that his findings not be taken seriously. 

Peter Lee: Dr. Wexler gave a careful presentation on ETS and cardiovas¬ 
cular disease and I agree completely with his conclusion that the existing 
epidemiological evidence is inadequate to provide proof of a cause and effect 
relationship. 

I would like to draw attention to a number of points that may assist 
discussion of this important issue. First, I would like to point out that there 
is, in fact, a small amount of information in addition to that cited by Dr. 
Wexler. In his 1988 meta-analysis papery Wells reports the results of a non- 
published 1986 study by Martin et al. in Utah purporting to find a statisti¬ 
cally significant relative risk of 2.6 despite being based on a total of only 
twenry-three deaths or cases of CHD. (Wells, A.J. (1988)* An estimate of 
adult mortality in the United States from passive smoking. Environment Jnt. 
14: 249-265.) 

So we’ve actually got seven epidemiological studies, six of which report 
a positive associationi Of the six, four of them* Hirayama, Helsing, Martin 
and Hole report a statistically significant result, either in trend analysis or in 
simple comparison of ETS-exposed and non^exposed subjects. Garland, 
Hole, Martin and Svendsen report a relative risk in excess of two (more than 
a 100% increase in risk) in relation to ETS exposure. In comparison, a mass 
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of literature from large prospective studies shows that active smoking, on 
average, is associated only with a 60% to 80% increase in risk of heart dis¬ 
ease. Given that ETS-exposed nonsmokers are far less exposed to smoke con¬ 
stituents than are active smokers, and also that active smokers have more 
ETS exposure than ETS-exposed nonsmokers, these results just seem to me 
to lack plausibility, a priori. They seem far more likely to result from chance 
or bias than to represent a real effect. 

One form of bias that may be particularly important in assessing the 
relationship between ETS and heart disease is the possibility of publication 
bias. When you look at the overall literature you see that the total number 
of reported deaths or cases in ETS studies involving heart disease is similar 
to those involving lung cancer. When one considers that the incidence of heart 
disease death in nonsmokers is vastly more common than lung cancer deaths 
in nonsmokers by a factor of about fifty, it’s really rather surprising that so 
few even moderately sized studies of heart disease and ETS have been 
published. 

Dr. Wexler suggests that the Framingham study might be able to provide 
data, but really this is only a relatively small study of a few thousand people. 
Surely the most obvious place to look for more information is the American 
Cancer Society’s Million Person Study. They have published results on ETS 
and lung cancer involving a hundred and fifty-three deaths. (Garfinkel L. 
(1981). Time trends in lung cancer mortality among nonsmokers and a note 
on passive smoking. J. NatL Cancer Inst. 66: 1061-1066.) They certainly 
have the information to publish results on ETS and:heart disease involving, I ! 
would imagine, five to ten thousand deaths. The obvious question arises, does 
failure to publish mean no association was found? Because if that in fact were 
the case, this would cause an absolutely enormous distortion of the overall 
evidence. 

If you look at the seven published studies on ETS and heart disease, only 
Helsing’s and Hirayama’s are based on any sort of substantial numbers of 
deaths at all. I just want to add a few points regarding these two studies. 

First, I note some further weaknesses in the Helsing study. There was no 
adjustment for number of people in the household! Helsing was comparing 
people who lived with a smoker and those who did not. So, for instance, 
people who lived on their own automatically went into the category of people 
who didn’t live with a smoker. There’s obvious scope for confounding with 
factors relating to living alone, overcrowding, etc. The study was also not 
actually about the probability of dying but about the probability of dying 
within Washington County, as I understand it. They made no attempt to get 
death certificates for people who moved outside this relatively small area of 
the United States. If smoking, ETS exposure or household size related to the 
probability of leaving the county, bias would result. In contrasty I noticed in 
the British doctors’ study that they took enormous pains to follow up the 
thirty thousand or so doctors involved: They chased people to the ends of the 
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lag, on g{ 0 bc to find out what they died of and ] think they only failed to track down 

art du- fifty or sixty, mainly those doctors who had gone back to India and hadi 

te con- gotten lost in the subcontinent somewhere. 

t more The Helsing study also used statistical adjustments by a procedure that 

jtomc wasn’t really clear and which had an enormous effect on the relative risk 

±anct estimates. In women he had an unadjusted 34% reduction in risk which he 

put through his magical unexplained statistical machine and got a 24% in- 
Ig the oease. So I’d really like to see rather more before accepting anything from 

cation this study. 

unber The only other study with substantially more than 100 deaths is that of 

imilar Hirayama. Dr. WexJer’s paper dealt at length with the weaknesses of this 

heart jrudy and he quoted the results on the first two lines in his text. The fact that 

eaths there was a nonsignificant relationship in 1981 and a significant relationship 

at so m 1984 is intriguing. The first result was based on 404 deaths, the next on a 

'been further 88, and the analysis was essentially the same apart from the fact that 

in the first analysis he standardized for age and occupation^ in the second 
♦vide analysis, only for age. 

&ple. Now, if you assume occupational standardization made no difference, 

scan you can actually calculate what the relative risks were for the intervening 

ETS period. You’ve got this enormously strong relative risk of five. You can also 

& L show that there’s very highly significant heterogeneity of relative risk between 

aote the first period up to 1983 and the period thereafter. But if; in fact, you can’t 

inly do this because standardization of occupation did have an effect, welll why 

on earth didn’t Hirayama standardize for it in 1984? So it seems not to make 
oes sense either way. 

*cre The question finally is whether a new study is actually worth doing. Dr. 

rail 1 Sexier noted that existing data are inadequate for proof of cause and effect 

and proposed that a large study be carried out. The problem, it seems to me, 
aly is that given what we know about the association of active smoking with 

;Of heart disease and the relative exposure to ETS of nonsmokers, it seems highly 

implausible that even in the most ETS-exposed nonsmokers you get a relative 
00 ■ nsk of more than two. I believe Dr. Wexltr said in his paper that he feels one 

ng actually requires a relative risk of two or more as a precondition to prove 

*» causality. 

So if that’s the case, what’s the point of doing the study? Although I 
th believe that a good study can pick up relative risks of lbss than rwo+ I have 

* m> doubts that any study could pick up an effect of the order of magnitude 

$ which could plausibly exist in this case. 

* Joseph Wu: Comments by Dr. Lorimer? 

*f Ross Lorimer: The studies that Dr. Wexlfcr very ably and very extensively 

c reviewed are a testimony to the diligence of medical investigators. More than 

a 100,000 individuals have been assessed from the point of view of cardiovas- 

* odat disease and ETS and we still have no definite answers, although we do 

r have some impressions. 
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The question of a meta^analysis of results has been considered. Certainly 
the Surgeon General’s report of 1986 suggested this possibility. Further data 
have accumulated since then. From the cardiological point of view, there is 
no doubt that in certain i situations meta-analysis has been useful. For exam¬ 
ple, the use of beta blockade follbwing myocardial infarction has been well 
substantiated by the use of meta-analysis. The effect of lowering cholesterol 
levels on the subsequent incidence of coronary heart disease has been shown 
to be a worthwhile clinical exercise by this method. These studies have em¬ 
ployed finite end points, such as survival, and variables, such as cholesterol 
levels, which can be standardized. Under these circumstances, it is relatively 
easy for different populations to be compared. However, meta-analysis of the 
relationship between cardiovascular disease and ETS involves comparing 
such disparate groups as an agricultural population of Japanese women with 
a group of Californian women living in a retirement community. The MRFIT/ 
ETS study evaluates American men who are already at increased risk from 
coronary disease because of raised cholesterol and high blood pressure. This 
would be compared with a group of men and women with a different range 
of risk factors living in the environment of the west of Scotland. In these 
situations, it may be that meta-analysis is not appropriate. 

There has been considerable discussion today regarding the Hole study 
from the west of Scotland. I would like to review their data regarding coro¬ 
nary heart disease deaths. In the control group, there were index case non- 
smokers living with nonsmokers. In the ETS exposed group-index case non- 
smokers were living with cigarette smokers. The single exposure group were 
index case smokers living with nonsmokers and in the double exposure group 
both co-habitants smoked. There were 30 deaths from coronary heart disease 
in the control group where neither partner smoked. On a pro rata numerical 
basis one might have anticipated around 48 to 49 deaths in the ETS exposed' 
group. Fifty-four deaths did occur, an excess of only five or six. It is impor¬ 
tant, however, to recognize that correction of data for age, sex, blbod pres¬ 
sure, cholesterol and social class did show a significant increase (p < 0.008) 
for relative risk of coronary heart disease. In the MRFIT study, on a pro rata 
basis there would appear to be two excess deaths from coronary heart disease 
and four extra myocardial infarctions. Again, this was a study involving a 
large number of people followed for around seven and a half years and sta¬ 
tistical analysis did suggest an association between ETS and coronary heart 
disease, although this did not achieve formal statistical significance. 

While we can discuss the merits or demerits of the various statistical 
approaches, it would appear that the actual number of extra deaths is rela¬ 
tively small. From the clinical point of view, 1 would agree with Dr. Armitage 
that the important factors with regard to coronary disease are active cigarette 
smoking, high blood pressure, high cholesterol, life style, and employment or 
unemployment. There may well be other factors involved. However* it seems 
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unlikely that ETS is contributing significantly to the incidence of coronary 
heart disease, ll would also think it unlikely that it would be possible to con¬ 
firm or refute this suggestion by mounting a further long-term study. The 
studies report a small adverse association of ETS and coronary heart disease 
at most. Any further study would require an extremely large population fol¬ 
lowed for a very long period of time. This simply may not be possible as a 
practical matter. 

Joseph Wu: We now have comments from Dr. Max Weetman. 

Max Weetman: I’ve had this all my life, beginning with “W” and having 
most functions in life allocated according to the starting letter of your name. 
Everything’s been said. I’ve really got very little to add. Fd like to congratulate 
Dr. Wexler on a really very thorough job of going through the various cases. 

I think most of the points have been made here, but Fve not come as far 
as this to actually say nothing, so 1 w f ant to consider a new “ology ? \ We’ve 
talked epidemiology, dosology, and things of this nature. But there’s really a 
rather more fundamental “ology” that we ought to consider, and that’s 
epistemology. 

Epistemology is what can we know, what is knowable. 

We can’t know very much about ETS and cardivascular diseases, I think, 
because of the problems I will outline here. I would consider all of these 
problems to be design problems. I’m not going to go through all of them in 
fine detail, but I have a few points 1 want to make. Everything I say here 
applies equally to cancer of the lung as well! 

The first weakness really stems from our measurement of exposure to 
ETS. The best way to control this would be to experiment in a reaction cham¬ 
ber, where you can actually monitor certain surrogates for environmental 
tobacco smoke and control the number of cigarettes smoked. 

Once you go beyond this, to a real world situation, or into a retrospective 
look at somebody’s lifestyle, epidemiology begins to lose all credibility. It’s 
really guessology with respect to exposure at this stage. 

Now, how do we actually find out about what possible exposure one 
might have suffered? We do it by asking people. We ask, “Did you smoke? 
Did your husband smoke? Did your wife smoke?,” etc. Obviously, this ap¬ 
proach is prone to an enormous degree of error. We’re not likely to get a 
particularly accurate and true answer there. 

Another problem, particularly true for studies of cardiovascular disease, 
is the use of selected populations. Taking the Multiple Risk Factor Interven¬ 
tion Trial, for example, the patients had high serum cholesterol levels and 
high blood pressure. In addition, they drank rather more than the control 
group. Why do we rely on this high risk group for information? Perhaps it’s 
going to tell us something that “normal people”—whatever that might 
mean—wouldn’t. 

The second trial where we get some positive information is the noto- 
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nous—I would say—Hirayama trial. There are even more things wrong with 
it than have been said here. It’s tremendously unrepresentative of the popu¬ 
lation of Japan because it includes far too few old people, over eighty. 

Now, why do we use these peculiar things, the Japanese or high risk or 
atypical groups, like Hirayama’s Japanese cohort or those in the MRFIT? It’s 
because ETS as a problem is quite a recent event. It started with Trichopolous 
and Hirayama himself in about 1981. Most of the trials considered today did 
not originate as studies of exposure to ETS, but as studies of other phenom¬ 
enon, that have been adapted to consider ETS. 

The Multiple Risk Factor Intervention Trial had been running for some 
time. Hirayama’s trial was already about twelve or thirteen years old before 
he started to seek information about ETS exposure. 

Epistemologically speaking, the result of this is that you are preselecting 
the study group, so you have too few subjects to resolve the question. The 
Garland trial had two deaths in the control group. It’S far too brittle a number 
for a baseline. You can’t draw any conclusions about common disease from 
such small groups. 

The use of death certificates is another problem. Not all the trials use 
death certificates. There are some exemplkry attempts where physicians ac¬ 
tually review the case to determine the likely cause of death and guard against 
error. But a lot of the trials, including Hirayama’s, use a death certificate only. 
These are, we know, notoriously inaccurate. 

Now, the only thing I would really argue about with our eminent opening 
speaker involves a little bit of philosophy; I’m talking about biological plau¬ 
sibility. Asking questions about biological plausibility can sometimes be mis¬ 
leading. The worst case arises when you’ve got a rather weak P-value: you’re 
not quite there but you obviously would like to get there. You then list a 
number of factors that, had you continued, would have caused you to reach 
the desired result. You then ask, is it a biologically plausible event that this 
result will occur? To me, if biolbgical plausibility is used in this sense, it really 
means “in the absence of evidence, 1 will now cast one further card, a weak 
one though it be.” The purpose is to fit the results to the preconception 
brought by the scientist to the experiment. As has already been said, this is 
the antithesis of scientific investigation. It’s wish fulfillment. Maybe our grant 
bodies are partly responsible for this. We have to publish more and more 
papers, even though some of them may be nonsense, so that we can obtain 
the next grant, and do the next run of work. 

Similarly, with respect to biological plausibility, Peter Lee has very clearly 
pointed out that if you have eight factories in quite different places, and peo¬ 
ple die from some rare disease all having been involved in the same industrial 
process, you don’t say, “Well, I can’t see how it’s working biologically.” If you 
think about what we know biologically, most things are absurd in the first 
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place, and the rationality in which we place them comes after the initiating 
discovery. 

This is certainly true for most new types of drugs that are discovered. It’s 
interesting to note that carbonic anhydrase had been demonstrated in the 
stomach many years ago, and was only then discovered in the kidney when 
they first used sulfonamides and obtained a diuretic response. The only way 
you could explain this diuretic response was by actually postulating that this 
enzyme was there and sulfonamides inhibited it. So quite often you get some- 
thing amazing, biologically implausible and that then promotes discoveries 
that result in a rational background being discovered. 

I think a more economical phrase that we ought to try' and use, if we 
have to be stuck with this notion of biological plausibility, is “freedom from 
biological implausibility.” That's putting the boot on the other foot and ask¬ 
ing people to do a little bit of thinking rather than just justifying their orignal 
thoughts. 

Joseph Wu: We'llihave the comments from Dr. Philip Witorsch. 

Philip Witorsch: Like Max Weetman, I’ve spent most of my life being at 
the end of the list. I therefore decided to comment briefly on an aspect that 
none of the other speakers has addressed, namely the acute effects of ETS 
exposure on individuals with pre-existing coronary artery disease. Dr. Wexler 
very eloquently critiqued the Aronow study but there is another, very good: 
study that was published in 1987 by Sheps et al. from the University of North 
Carolina. The Sheps study raises the issue of the biological implausibility of 
the acute effects postulated by Aronow. 

Aronow and others have suggested that the acute effects of ETS exposure 
with regard to exacerbation of angina in individuals with pre-existing coro¬ 
nary artery disease relate, at least partially, to elevation of carboxyhaemoglo- 
bin from ETS exposure. Superficially, this sounds like it might make sense, 
until you think about the amount of carbon monoxide actually generated 
from ETS. Studies have shown only a slight difference in the levels of carbox- 
yhaemoglobin in nonsmokers exposed to ETS as compared to those in non- 
smokers not exposed. This result causes the hypothesis to lose its plausibility. 

The Sheps study examined thirty individuals with welh documented cor¬ 
onary artery disease and symptomatic angina who had documentation of 
electrocardiographic changes on exercise typical of angina. They exposed 
these individuals in an exposure chamber to carbon monoxide, using an end¬ 
point of approximately four percent carboxyhaemoglobin; That compares to 
levels usually found in nonsmokers and in their controls of about 1.5% 
carboxyhaemoglobin. 

Interestingly, to achieve the 4% carboxyhaemoglobin they had to expose 
their subjects to one hundred parts per million of carbon monoxide in air for 
a period of an hour or more. This is probably three to five times the level of 
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carbon monoxide that has been measured in very smoke-polluted areas. They 
exercised these individuals and measured a variety of cardiovascular param¬ 
eters, including electrocardiographic evidence of angina, ST-T wave changes, 
radionuclide imaging of the heart, ejection fraction, and a number of other 
cardiovascular indices. 

They found absolutely no effect on the duration to onset of angina, or 
any of the objective cardiovascular parameters, despite the subjects’ exposure 
to a hundred parts per million of carbon monoxide and a carboxyhaemoglo- 
bin level approaching four percent. 

The Sheps study, when added to all the deficiencies cited relative to the 
Aronow study, should lay this issue to rest. It’s very clfear that in a real-life 
situation it is biologically implausible for the degree of carbon monoxide 
exposure related to ETS to have any effect as far as exacerbation of angina. 

I think this might have implications for studies of ETS and reproductive 
effects as well. Frank Sullivan mentioned earlier that carboxyhaemoglobin is 
thought possibly to play a role relative to reproductive effects. But it appears 
implausible that the degree of real-life exposure to ETS results in any signif¬ 
icant changes in carboxyhaemoglobin. 

Joseph Wu: We have time for a couple of additional comments or ques¬ 
tions from the fiber. Dr. Roe. 

Francis Roe. If I could just address a question to the panel in general. 1 
have the impression that coronary heart disease is not a single disease but at 
least two. Coronary heart disease in men under the age of fifty seems to be 
related to different factors than CHD occurring from age sixty onwards. 
These seem to be two different diseases, but maybe there are many others. I 
wonder what the implications of this are in relation to studies of ETS. 

Secondly, from a causative point of view, one would be concerned with 
two things. The first is the set of factors that cause arteriosclerosis, and the 
second is the set of factors that make a fatal coronary occlusion more likely 
in a person with arteriosclerosis. They seem to be two different things. 
Aronow obviously was lboking at the second of these. The first should'not 
be overlooked! 

In examining carcinogenesis, I earlier stressed the point that you need to 
know what an individual has been exposed to from childhood in order to get 
any reliable feeling of what happens in lung cancer risk. I suggested that this 
has not been done so far. 

Now, isn’t this also true of cardiovascular disease? I mean, the idea of 
Aronow collecting a lot of old gentlemen and sticking them all on exercise 
bicycles, to me, is horrific. Would we not be better off if we really started 
such studies with younger people? 

Peter Lee: I would comment on the second of Dr. Roe’s points. I suspect 
lifetime exposure isn’t so important in heart disease as it is in respiratory 
disease. If one takes the analog of active smoking, the evidence seems to 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023512027 




Discussion on Cardiovascular Disease • 165 


ley 

im- 

;es, 

tier 

or 

ure 

^o- 

the 

life 

;ide 

la. 

rive 

n is 

:ars 

nif- 

ies- 

! 

P 

ft at 

fe 


rith 

the 

^ely 

fiSi 


p to 
(get 
khis 


t of 

pse 

rted 


suggest that current smoking is important and ex-smoking is not really im¬ 
portant because if you give up smoking, your risk reverts fairly quickly. Yet, 
there may still be something in it even so. 

Ross Lorimer: A similar problem arises in studies of women. Coronary 
artery disease in women expresses itself differently than in men insofar as 
pre-menopausal women are concerned. From a clinical point of view, the 
coronary heart disease occurring in women also is usually associated withi 
much smaller diameter of coronary vessels with more diffuse disease than ini 
young men with myocardial I infarction, in whom it is not unusual to find: 
single vessel disease, especially involving the left anterior descending and hav¬ 
ing an acute thrombotic episode. So Pm sure you’re absolutely rights 

Philip Witorsch: If I can just add a brief comment. I agree that there are 
different diseases involved. 1 think lifetime factors are important* but not 
necessarily lifetime ETS exposure or lifetime cigarette smoking. In many of 
these studies, people tend to forget that perhaps the most important deter¬ 
minant of coronary artery disease is the choice of parents that one makes. 
Added to that are diet, lifestyle, exercise and a whole host of other factors, 
all of which have been very poorly controlled for in the studies to date and 
are, frankly, very difficult to control fon Assessing cholesterol levels is not an 
adequate control of many of these factors and that’s, perhaps, the most that’s 
been done. It’s very analogous to the token control for socio-economic status 
that has been done in a lot of studies. 

Jamail Singh: I have been doing research on the effect of carbon mon¬ 
oxide levels in animals since 1972. I have a series of papers and a series of 
experiments where I expose mice from when they are newly bom, three, four 
days old, until they are about eight weeks old. The mice are constantly ex¬ 
posed, except during cleaning and watering, to three levels of CO, 25 PPM, 
50 PPM and 100 PPM. At the end of eight weeks, we sacrifice the animals, 
take all the tissues, lungs, hearts, spleen and kidney, and send them to a pa- 
tholbgist to determine whether there is any dose-dependent effect on these 
organs. The conclusion is that at these levels, 25, 50 and 100 PPM, there is 
no dose-dependent effect on the heart or on the lungs. 
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ABSTRACT 

The epidemiological 1 evidence relating exposure to ITS and 
cardiovascular diseases has been examined: all of it Is flawed. 
Host of the difficulties arise fros the different study designs. 
Three' of six studies report in increased RR for cardiovascular 
diseases, although the others failed to do so. It is concluded 
that no increased RR has been established unequivocally, either 
because there is none, or because the inadequate design of the 
studies frustrated their objective. 


INTRODUCTION 


Exposnra ’scto ^‘environmental ?r tobacco - v saoke ETS) --he* -been 
associated.yith a nusbar of serious —disease* In nan-. In virtually 
all cases, It has not been possible to simulate in aniaal models 
the adverse health effects reported in nan, so the evidence depends 
upon the findings of epidemiological studies. There is distinct 
weakness in ths design of these studies, son of which are peculiar 
to the evaluation of effects of ETS (1)', and other* which are 
coiaon to all epidemiological Investigations (2). With; respect to 
ETS, two factors prevent us reaching unaabiguous answers; first, 
there is the poor sssessacnt of the extent of exposure ( 3 ), end 
secondly, there is ths atsclasiifIcation of soas cigarette saokers 
or ex-saokere as non-eaekere (i). 

In ths report of ths Surgeon General (5)» less than 2 of 359 
pages are dedicated to ETS and cardiovascular disease. In another 
comparable review, conducted by the New Tork Academy of Science 
(3)f Only 11 of 337 pages refer to cardiovascular diseases. The 
present paper conelders six epldeelolog1 cal studies identified In 
an extensive search of th# literature (6-11). 

Th# first thing to note froa this database Is that the majority 
of the studies were not designed specifically to investigate the 
effects of ETS exposure on the incidence of cardiovascular disease, 
but were adapted to this purpose froa soae other, once the initial 
claims that ETS affects health adversely had appeared in 1981-2 
(sae 12, 13)- This adaptation of existing studies has led to 
offsets being sought in populations that are not representative of 
the population at large. 

Row is exposure to ETS quantified? No substance is known that 
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la representative of *11. the component* of ITS (3> , *o It 1* not 
possible to ion11or such exposure in a aeaningful manner. Instead, 
epidemiologist* have to resort to soee subjective Index 0 f 
exposure,, usually in the for* of the smoking behaviour of couple, 
living together. In »o*t studies, the Incidence of a specific 
medical outcome is determined in a group of non-smokers married to 
cigarette smokers, and this rate is then compared with that l n 
non-smokers married to non-smokers. In this way, exposure to ET'S 
in the home can be assessed, although no allowance is made for 
exposure of both groups to ETS outside the home, or for any effects 
arising from exposure to other, potentially toxic, agents. It seems 
likely that any effects of ETS, if there are any, would be masked 
by the variability introduced by these confounding influences. 

The ssoklng statu* of the participants in epidemiological 
studies Is determined from questionnaires. The reliability of the 
answers to the questions that constitutes this part of the 
experimental design Is low. It is inevitable that some subjects 
are mleclasslfled with respect to their cigarette seoklng 
behaviour; this probably result# from simple failure* in memory, or 
is the consequenc# of giving false answers to avoid admitting that 
they have a habit which it considered to be socially undesirable. 

k 11 the report* considered in this review have appeared since 
1985, i.m. after the first suggestion in (1981) thst exposure to 
ETS may be associated with serious health problem* (12,13). 
Hbwever, the meseureaentm on the subjects in the trials were mads 
in the 1970s, i.s. retrospectively,, and thus can be considered to 
b« the result of data dredging. 


REVIEW 


The Garland et al study (8) was performed over a VO year 
period after enrolment between 1972 and 1974 of 821 of the adul'ta 
aged between 50 and 79 In a community of San Diego, in tba U.S.A. 
In the period under consideration, there were 19 death# from 
ischaemic heart disease (determined by analysis of death 
certificates). Only two deaths were recorded in the control group 
(non-smoker# married to non-smoker#),, which probably represents too 
low a baseline level to permit safe prediction# from these dmts to 
the population at large. The age-adjusted dmath rites for 
ischaemic heart disease were not significantly elevated in the 
subjects considered to be exposed to ETS (P > 0.11, and were higher 
in those married to ex-amoksrs than in thove married to current 
asokera . 

The investigation reported by Lee et al (11) waa a 
oaae-control study initially designed to examine lung cancer risk. 
With respect to lacfaaealc hsart disease, no statistically 
significant increased risk was associated with supposed exposure to 
ETS in the horns, at work, or from travel and leisure. 

Svendsen et al (9) selected a aub-group of patients for 
analysis from the cohort in the multiple risk factor intervention 
trial {HRFIT). MRPIT was designed to measure the effect of 
different intervention* on mortality of patients identified as 
being at high risk of coronary heart disease. Men aged 35 to 57 
years old wars recruited in 18 cities in the 0.S.A., and followed 
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for a aean Has of sevsn run. The s»oklng ilttui of ths cohort 
wai date rained by q ue« t lonni ire and, unusually for such .studios,, 
confirmed by objective measures (i.e. i«nurmnt of eeruo 
thiocyanate level* and exhaled carbon aonoxide ) ; the cium of death 
vii determined by a eoaalttee of three cardlologist* reviewing the 
case-paper* on e blind bail* (i.e. not aware of the treataent 
assignment , or, In this cm, the spousal' aaoklng atatu*). Thare 
was a seal1 apparent increased relative risk aaeocieted with 
exposure to ITS in the hoae, but this did not reech the level of 
statistical significance (P > 0.05 for ell' coipirlioni, except for 
death froa any cauat, when P * O.Oi). Thle very carefully 
conducted investigation we* characterised by the aaall fixe of the 
groups under consideration- (controls 56 no.n-fatal end fatal eventa 
in 959 subjects;: apouee taokiri 26 eventa In 286 subjects), and the 
sub-group selected say have been atypical, because it wes chosen 
froa ths highest 151 of those at risk froa cardiovascular disease. 

Helsing at al (7) considered a population of 91.909 white 
people froa Washington County, Maryland, U.S.A. aged 25 or older on 
entry in July 1963 . Sacking status was deterained fros responses 
sade to a private census conducted in 1963, i.e. before the 
publication of the Surgeon Generali's first rsport in 1964 (14 ) , and 
then allocated a score on the basis of the extent of tooling, 
whether or not it was current, and the type of tobacco consused 
(cigarette, pips or cigar).. Tbe population was follovtd for 12 
years, with the cause of all deaths deterained froa death 
certificates. Thors were 2022 deaths froa arteriosclerotic heart 
disease in non-aaokers. The adjusted: (for age, aarltal status, 
years of schooling and quality of housing) rates of death froa 
arteriosclerotic heart disease of the population was than assessed 
with respect to exposure to ETS in the hoae; a statistically 
significant relative rlak was detected for both aen ( 1 . 31 , 95X 
confidence Halts 1.1-1.6) and woaen (1.24, 951 confidante llslts 
1.1-1 . 4 ). However, it was not possible to dsaonstrate any incress 
in risk with Increased exposure in aen, but there was such a 
relationship in woaen (P < 0.005). 

The study of Seising et al can be criticised in a nuaber of 
ways. first, the smoking status of the subjects was datsrained 
once in 1 963 , so there was no posalMlity of allowing for any 
subsequent changes In behaviour. Secondly, there was no 
information on the established risk factors for the disease, such 
11 blood pressure and serua cholesterol levels in the sxpoeed and 
unexpoeed groups., Finally, the end-point used in the study relied 
on death certificatee, which are prone to considerable Inaccuracy 

(75). 

The Gillie et al study ( 6 , 16) was set up in 1972-76 in 
Renfrew and Paisley in an atteapt to detect any apeelal 
circumstances that aay relatje to the very high rates of lung cancer 
and cardiovascular disease that occur in the vast of Scotland. Men 
and woaen between the ages of 46 and 64 were recruited and saoklng 
behaviour deterained froa a aslf-adainiatsred qusationnaire, and 
subsequently checked by an experienced interviewer when tbe 
subjects attended a screening centre. 1 cohort of 15399 subjects 
was identified (BOX of those qualified to participate), and 
followed for an average of 11.5 years. Cause of death was 
deterained froa death certificates. Proa these data, it was 
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possible to calculate the relative risk associated with exposure to 
ETS in the hose. The only statistically significant RR was fo r 
isehaeeio heart disease in non-stokers (2.Qt, ?■ * 0.C08), which 1 3 
a remarkably high value, because the RR: froa stoking wet only 2.27, 
There were 30 deaths in. the control group and 54 in those 
considered to be exposed to ETS in their hoses. When 
cardiovascular syaptoas were detected in the soeening coeponent of 
this study, there were no statistically significant d'lffertnce$ 
between the exposed and unexposed groups with respect to engine and 
sa;or abnoraa 1itie» of the electrocardiogram. It is possible that 
the ischaemic heart disease mortality rate for those considered tc 
be exposed to ETS represents a spurious finding, because of the 
absence of any effect on the pre-teralna1 cardiovascular symptoms, 
and because of the magnitude of the effect relative to that seen in 
smokers. 

The final study in this database ia the one from Japan, 
described by Hirayaaa {i 0 )... A prospective epi de a iologi cal study on' 
a cohort of 2c5,; 11 8 Japanese people was initiated in '966, with a 
view to determining the incidence of serious disease. The cause of 
death used as an end point in the investigation was taken froa 
death certificates. This study led to the first suggestion that 
exposure to ET3 was associated with an increased rick of lung 
cancer (13); further consideration has resulted in additional 
claims of adverse health effects due to spousal cigarette smoking, 
including a SR of "*.31 for ischaemic heart disease (P ' 0.019V in 
rcn-saoking wcnen in- ^984 (17).. This is a surprising finding, 
because e report three years earlier on the seat cohort led to the 
conclusion that "passive smoking did not seea to increase the risk 
of developing ischaemic heart disease" 03).. 

The importance of Hirayaaa'# various reports in the field of 
adverse health effects of ETS cannot be underestias ted. 
Unfortunately, most of the Influence has arisen froa s poorly 
designed study , which has been auch criticised, partly because of 
the u.clear way it has been, presented in the literature. The cohort 
was assembled as a convenient saaple, rather than as a 
representative one, which has resulted in over-dependence on 
certain categories of the population at large, e.g. agricultural 
workers and young people (only 2X were ov«r 60, whereas 12X of the 
Japanese population fall into this category). Japanese woaen spend 
much of their time in small rooms, where any effect: of ETS would be 
greater than in the larger indoor air spaces frequented by those 
who live in the west. T.ne cooking hsbits of the wives of Japaness 
agricultural workers aay have confounded the study, because 
kerosene stoves would have been used extensively, and theee are 
known to emit large quantities of potentially toxic gasses end 
particulate matter (18)... The aisclasaiflcatlon of smokers and 
ex-saokera of cigarettes as non-smokers aay also have contributed 
to the empirical findings. No doubt the influence of many of these 
factor! could have been taken into account in evaluating the 
validity of the results, but this has not been possible becauee 
Hirayaaa has refused to give other epidealologists access to his 
data (19). Such secrecy does not inspire confidance In the 
objectivity of the conclusions reached in the Japanese study. 
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COICLOSIOIS 


Of the six studi es considered hare, only three revealed any 
significant effect*. Each of the positive studies wee flawed in 
soee way. Two consistent probl'eas are apparent: too strong a 
reliance on the accuracy of death certificates, and the 
unreliability surrounding the detoralnation of the sacking status 
of the subjects and their spouses in order to aeasure of exposure 
to ETS. It la concluded that no increased risk of card! o va a cul'a r 
disease can be associated unequivocally with exposure to ETS, and 
it seeaa probable that this will continue to b« tha case until 
specifically designed trials ere instigated, and ion objective 
■eaaure of degree of exposure cam be devised. 
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ABSTRACT 


Combustion of organic material results in the release of panidfcs, gases, and pwolyuc 
products, all of which can accumulate in the indoor environment, and could damage 
health. The methods of assessing nsk to man are reviewed, and it is concluded that 
epidemiology provides the best single approach. The problems in interpretation of 
epidemiological studies are reviewed; with particular emphasis on the specific 
problem of environmental tobacco smoke (ETS) and cardiovascular disease. 1 l is 
concluded that too many important potenually confounding factors have been 
overlooked to decide if there is an association berween exposure to ETS and 
cardiovascular diseases 


NATURE AND SOURCE OF COMBUSTION PRODUCTS 

It! is difficult to imagine life without' combustion. In addition to domestic 
heating, combustion of some form of fuel occurs in cooking, many forms of 
transportation, most industrial processes and most of the generation of electrical 
power. The common factor is that some form of fuel is burnt, and the fuel is 
derived from organic matter, with the inevitable release of pollutants. Not all 
combustion' contributes pollutants to the indoor environment, but in those 
situations where this effect appears to be minimal, it should be remembered that 
the indoor air is derived from'that outdoors, so: the dirtier the air outside a 
building, the more polluted it will be inside. 

When organic matter is burnt, three classes of pollutant are formed. First there 
are gases. As the predominant chemical process is oxidation, w'hich usually 
occurs without sufficient oxygen to allow complete oxidation, there is the release 
of a complex mixture of oxides. Thus amongst the gases generated by 
combustion, there are oxides of carbon^ nitrogen and sulphur. 
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Assessment of the Toxic Effects of Combustion Products 


limit to the dose that can be tested due to the presence of carbon monoxide. Of 
course, it is possible to separate the various chemicals in smoke, and apply them 
to volunteers in exposure chambers, either individually, or in, defined mixtures t 
but then it is barely possible to measure any interactions between the different: 
components. Any reduction in the scale of the test system, for example by 
administering smoke to tissue cultures, still involves an extrapolation from the 
in vitro system to intact man: The experimental methods available are 
inadequate for this purpose. 

Epidemiology 

It is possible to measure the effects of long-term exposure of man' to 
combustion products by epidemiological techniques With this approach; a 
population of exposed individuals is identified and the rate of any' medical 
outcome in this group is compared with that in a suitable control'group. Two 
study designs are possible. First, one can either start by identifying individuals 
with a condition (i.e. cases) and attempt to show a greater exposure in the past 
tO'the suspected cause than occurs in a demographically matched control group. 
The second approach is to assemble a population (i.e: cohort) of individuals and 
determine what happens to them medically over several years. The cohort 
method does not provide rapid answers, especially with the most frequent 
causes of death, which frequently have a slowly developed pathology. Table 1 
summarises the problems associated with such studies. 

Table 1 Problems in Epidemiology 


Selkcnon of exposure and control groups 

Multifaciorial nature of disease 

Difficulty in i controlling confounding variables 

Only associations detected 

Intervention studies are difficult 


The best way to understand the difficulties of such epidemiological investi¬ 
gation: is to examine the quality of the evidence in a specific case. As the 
regulators are currently considering the health effects that may result from 
exposure to environmental tobacco smoke (ETS), this will serve as an appropri¬ 
ate example. The latest'claims are that ETS is causally relatedito ischaemic heart 
disease, so the quality of this evidence will be considered in detail. However, 
the investigator is confronted by comparable difficulties wi&h combustion 
products from any fuel source. 
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Assessmen/ o/r£e 7arze Effects of Combustion Products 


Study Design 

The study, design is shown in figure I. The exposed group are obtained by 
selecting non-smokers who are married to smokers, whereas non-smokers 
married to non-smokers provide the unexposed group; The rationale of this 
design is that the non-smokers (usually wives) would be exposed to ETS in the 
home from 1 the smoking of their spouses. With these two populations, it is 
possible to compare the rates for ischaemic heart disease, either in case-controli 
or cohort: studies, The problems of interpretation arise from the imprecise 
distinction between the two exposure groups, and because there is no allowance 
made for exposure to ETS outside the home. A second difficulty is the 
determinauon of the smoking sums of the spouse, which is usually achieved 
from the response of individuals to quesuonnaLres. Any wrongly classified 
partners tends to reduce the precision of the study-. 


STUDY DESIGN 
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A quite different sex of problems relate to the definition of an .effect, i.e. those 
who have the disease. If one relies on.death certificate information, then the fact 
that the individual has died is reliable, but the cause of death is prone to error 
12). As few autopsies are now* performed in most countries of the world (for 
example, currently, less.than 13% of bodies ini the USA are subjected to autopsy 
[3D, the cause of death has to be deduced from the signs and symptoms of the 
pauent alone. 

If the possible causes of ischaemic heart disease are considered,; medical I 
scientists do not have an unequivocal answer. This has resulted in a son of 
second level approach where risk factors apparently predisposing individuals 
to cardiovascular disease are identified. In other words, the aetiology of 
cardiovascular disease is considered to be multifactorial., To date, over 200 such 
risk factors have been proposed by various research groups [4) (not all medical 
scientists agree with this approach: McCormick and Skrabanek [51 have 
suggested that we should refer to risk markers, as opposed to risk factors, so as 
not to confuse associatiomwith causation); However, if there are constitutional 
or behavioral characteristics of individuals that could predispose them to 
cardiovascular disease, each one should be controlled for in epidemiological 
studies, otherwise they may act as confounders, allowing anunconrect conclusion 
to be reached. 

Much of the interest in ETS and cardiovascular disease arises from a review 
by Glanz and Parmiey [6], m which the authors presented a case that ETS was 
responsible for a proportion of the cases of the disease. Nine epidemiolbgical 
studies, were identified in the literature (3 with a statistically significant effect, 
supposedly from spousal exposure [7-1 1-D, and ; 4 without [12-151, which allowed 
Glantz and ParmJey co conclude "These epidemiological studies demonstrate a 
connection between ETS exposure and death from heart disease." One other 
study [161 has been added to the ones covered by Gfanz and ParmJey: 

Table 2 contains a summary of the epidemiologicalistudies linking ETS with 
cardiovascular disease. The medical endpoint, vanes from study to study, and 
contains both "death from" and "possession of" the specified condition, the 
following conditions were taken as the endpoint: ischaemic heart disease, 
arteriosclerotic heart disease, coronary heart disease, myocardial infarction, 
stroke, and all cardiovascular diseases. The reliance om death certificate 
information as the medical endpoint is also indicated m tabfa 2. 
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Table 3). 


Table 3 Missing evidence (potential confounding variables) in the positive 
epidemiological studies 


STUDY 

Obesity 

Hypertension 

Alcohol 

Fatty Diet 

H1RAYAMA llOII 

NO 

NO 

YES. 

| NO 

SVENDSEN 111) 

YES 

YES. 

YES: 

YES 

! HE [81 

YES 

YES 

YES 

YES 

HELSING 173 

NO 

NO 

| NO 

NO 

HOLE 19) 

1 YES 

YES 

NO 1 

YES 

DOBSON 116) 

NO 

NO: 

NQ; 

NO: 

In no study was the following controlled for diabetes, excrete and menopausal Status in women. 
Family history of cardiovascular: disease was not controlled for. except in the study by He et a) 
[8] The Svendseniei al study Ill] was the only one to employ a marker to detect smoking 
behaviour 


Table 4 The best established cardiovascular risk factors 


RISK FACTOR 

SELECTED REFERENCES 

Family history of disease 

[18. 19, 20) 

Hypertension 

121; 22) 

Cigarette smoking 

117, 22) 

Dietry fat load 

122. 23)1 

Diabetes 

U8)l 

Lack of exercise 

[24. 25) 

Menopausal status 

! [IS. 26, 27) 

Alcohol consumption 

' 14) 

Obesity 

128) 


From table 3 it is apparent that the epidemiological studies are not all of the 
same standard. Perhaps the best designed! study was that performed by 
Svendsen et al Ill). This was the only study that attempted to confirm the 
exposure to ETS by measuring a marker of exposure (serum thiocyanate 
concentrauon). The potential confounders of hypertension, body weighty 
dietary fat intake and aldohol consumption: were all controlled for, but the 
population selected for study was arypical. The subjects were from the 15% of 
the U.S. population thought to be at greatest risk from cardiovascular disease. 
The cardiovascular disease risk factors considered to be important in this study 
were high blood pressure, cigarette smoking and high blood cholesterol levels, 
and those most at risk possessed two of the three risk factors. When it came to 
any effect of ETS* this was measured in non-smokers by the spousal smoking 
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status method. Thus all ETS exposed subjects must have been both hypertensive 
and had high blood cholesterol levels. However,,3 really important cardiovas¬ 
cular disease risk factors (family history' of cardiovascular disease, glucose 
tolerance and whether or not the subjects exercised) were not controlled for. The 
final point that needs to be made from this welMesigned study was that exposure 
to ETS was n£t associated with possession of a cardiovascular disease in a 
statistically significant manner: the significant result that qualifies it for examina¬ 
tion m Table 3 was between surrogate exposure to ETS and death from all causes. 

The rwo studies that provided the highest proportion of statistically. significant 
associations between ETS exposure and death from cardiovascular disease were 
by Helsing and others [7) and by He et al [6]. The study by Helsing et a) was the 
least well controlled of all the studies considered here. There was no attempt 
to confirm exposure to tobacco smoke (either from ETS or undisclosed 
smoking). No information was reported about blood pressure, body weight, 
dietary fatintake, alcohol consumpuon, family history of cardiovascular disease, 
glucose tolerance, exercise, and menopausal status of the female subjects. In fact 
this.study is best considered to be a linking of death certificate information to 
the response to a self*administered questionnaire: When one considers the 
absence of control over potential confounders, no reliance can be placed on the 
findings. 

The case-control study from China IS]Ihas only been published in Chinese, 
but the 34 female coronary’ heart disease patients were shown to be at risk from 
spousal! smoking (OR *= 3-52, confidence limits, P = 0.05, 1.26 - 7.17). This 
remarkable level of risk greatly exceeds many estimates of the direct effects of 
smoking [9, 17]i. The effects of potenual confounding influences was assessed 
in a multivariate logistical regression analysis, where it was shown that the effects 
of surrogate exposure to ETS persisted when the following risk factors were 
controlled for: previous history 7 of hypertension, family history of hypertension; 
family history 7 of coronary 7 heart disease, history 7 of passive smoking, amount of 
exercise, and previous History of hyper-cholbsterolaemia. However, this study 
on a small group of only 34 patients needs to be extended, evidence of the effects 
of direct smoking determined, and evidence of difference in diet between he 
cases and controls added. 

The quality 7 of the OLher studies considered here lie between those of 
Svendsen et al and Helsing et al. AlHare poorly controlled. A study of appropnate 
standard and size has not yet been performed, so it is not vet possible to decide 
whether or not there is an associauon between exposure to ETS and cardiovas¬ 
cular disease. The fundamental problems in study design consist of: 

a: the selection of the exposed and control groups; 

b: the exaci classification of disease, and 

c: the exercise of adequate control over the numerous potential confounding 
variables, Much the same difficulty arises w r nh anv attempts to examine the 
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possible association between combustion products and common diseases. 

Table 5 To progress from the association of an environmental factor with a 
medical outcome to establishing causality, several steps have to be 
taken. The whole of the evidence should conform to the following 
enteria. 


i. 

I 

■' T 


The assoaauon should be strong enough to be persuasive: it is seldom the case with RR 
less than 3 129) 

There should be consistency of findings between different studies 


3: The effect should be speafic, or as near to this as possible, with the exposed group. 


4. The temporal relationship with respect to exposure should be appropriate to the 
pathological sequence of the disease. 


5. There should be a dose-response relationship,, whereby, the greater exposures result in 
more cases than occurs in the less exposed group of individuals. 

| 6, There should be a “freedom from imp la usability" with respect'to biological mechanisms. 

! 7.. All the evidence should be coherent and point 'towards one conclusion. 


In virtually all cases, the full set of criteria are not fulfilled, butithe nearer one is to achieving this, 
the more persuasive is the argument. (Adapted I from 12]j) 


If one were able to show a statistically significant association between 
combustion products anddisease in an epidemiologicalstudy, as is the case with 
the case-control study from China IS)\ it is still! not evidence that the products 
cause the disease. Association is only association: to conclude that exposure 
causes the condition, further steps are needed Table 5 indicates some of the 
properties of an association that would have to be demonstrated before 
causation can be concluded. It should be noted that there is much debate 
amongst epidemiologists as to the exact criteria for taking this further step. In 
all cases, there is an element of subjectivity in reaching the decision that the 
outcome is caused! by the influence studied 
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CORONARY HEART DISEASE AND INVOLUNTARY S WO KING 

Joachim Thiery. K.D. and Peter Cremer, M.D. 

Institute tor Clinical Chemistry, Xlinikum Grofihadern. University of 
Munich, Marehioninistrafle IS, D-8000 Munich 70, Germany. 


The coronary heart disease (CHD} is one of the major causes of death 
in the western world. Thera is general consensus on the central role 
of the cholesterol concentrations in blood, reflecting the levels of 
atherogenic liuoproteins, especially of low density lipoproteins in, 
the development of atherosclerosis. Other risk factors for coronary 
heart disease like hypertension, diabetes and active smoking 
potentiate the risk for atherosclerosis in hypercholesterolemic 
patients. These additional risk factors - one leading risk factor i 9 
active smoking - enhance the coronary risk particularly in patients 
with only mild hypercholesterolemia (LDL-cholesterol 120*190 mg/dl). 

Hmaver, in srr/ere hypercholesterolemia additional risk factors such 
as active smoking do not appear to aggravate coronary risk any further 
[l]].. These findings of our follow-up study on incidence and prevalence 
of coronary heart disease in 6000 industrial workers are in agreement 
wiii other population studies [2, 3]. 

Incite of the central role of plasma lipoproteins in the development 
of aoronary heart disease and of the risk factor ’smoking' it is also 
worthwhile to focus our attention on the effects of involuntary 
eroding and its relationship to the process of atherogenesis. 
At&rosclerosis can be described as a 'response to injury’ of the 
arrwial wall. The initial events causing endothelial injury may vary, 
-but lipoproteins themselves contribute to such injury. This could be 
daeto increased permeability of the endothelium for plasma 
-Ippproteins, the release of growth factors and chemotactic 
subtancea. In addition hypertension* diabetes,; oxidized lipoproteins f; 
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high plasma fibrinogen levels and plasma viscosity, active smoking and 
distress may be further important causes for the initial injury of the 
vessel vail [*, 5]. 

To determine vhether a relationship between passive smoking and 
atheroscleroses exists, we should firit ask for a pathobiochemical 
concept and experimental investigations to explain the proposed toxic 
effects of involuntary smoking. However, there are no experimental 
studies that can demonstrate a definite effect of passive smoking on 
the development of atherosclerosis. But there are a few 
epidemiological investigations on the incidence of coronary heart 
disease in active and passive smokers. -However, all o£ these 
epidemiological investigations reveal a number of weaknesses in design 
and execution so that the results should be regarded with a certain 
amount of caution. The named deficiencies may be explained by the fact 
that these studies originally were aimed at investigating other issues 
and the result* have subsequently been analyzed for an association 
between passive smoking and CHD. 

The following deficiencies can be found in literally all population 
studies on passive smoking and actual CHD. 

1. Active smoking could not be ruled out with certainty for all the 
subjects investigated who claimed to be passive smokers. 

2. Passive smoking exposure wa« inadequately assessed,, and was mostly 
based on secondary information' about the spouse’s smoking habit, while 
the spouse was often not questioned personally. 

3. No assessment of the subjects* smoking behaviour or their passive 
smoke exposure was carried out during the study periods, 

4. There was no clear definition of the target event (normally death 
from CHD) and no indication of the findings required for the target 
diagnosis. 
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5. The influence of other risk factors generally known to be strongly 
associated with coronary heart disease, such as hypercholesterolemia, 
hypertension and psychosocial factors on the results of the studies 
has not been taken into account. 

According to the data published by HIHAYAMA (1981) [6] the risk of 
death from CHL was completely identical for women exposed to passive 
smoking as for those who were not exposed. This analysis was based on. 
406 deaths from CHD in the observation period of 13 to 15' years ar.d a 
total of more than 90.000 subjects investigated. What is striking is 
the fact that in a reanalysis of the same group carried out in 1984: 
[7], which va:i based on only 88 additional deaths, the same author 
found a risk, compared to non-exposed women, which was significantly 
increased by & factor of l.l for women married to ex-smokers and for 
women married to smokers with a daily cigarette consumption of 1-19„ 
while women married to heavier smokers showed a risk significantly 
increased by 1.3 times. When we look at the change in the findings 
between 1981 and 1984, together with the general deficiencies 
mentioned above, the results of this study mutt be regarded as 
questionable. 

In another study by GILLIES [8], from the total study group of 16.000 
subjects approximately 1.000 non-exposed men and women were compared 
with about 1.700 passive smokers for the riak of death from CKD or 
stroke. The results were inconsistent: While in women the incidence 
rates for the vascular diseases stated above were slightly higher for 
passive smokers than for the non-exposed subjects, the incidence rate* 
in men were higher in the non-exposed subjects than in those exposed 
to passive smoking. Incidence rates always differed by less than one 
case per 1.000 subjects and year. In view of these marginal 
differences and the rather low absolute number of cases, the authors 
did not see any point in calculating the■ significance level. 

In an update of this report by David Hole and coworkers [8], the 
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authors investigated about further 8000 subjects recruited from a 
Vestseotish population for the effects of passive smoking in relation 
to cardiovascular symptoms. Passive smokers were grouped in terms of 
high and low exposure. The high exposure group showed a large number 
of symptoms and an increased mortality rite in coronary heart disease 
by 2.01. 

The fact that only 601 of the population cohort were investigated and 
that the study was confined to subjects between 45-60 years of age» so 
that only insufficient information on the smoking habits of all 
persons living in the household was obtained, may be regarded &b a 
limiting factor of this investigation. Moreover, additional interviews 
revealed that 51 of the men and 211 of the women, categorized as 
controls in the study by Hole, lived indeed together with current 
smokers, who, however, were not included in the study. Another serious 
shortcoming may be seen in the relatively small number of observed 
deaths; consequently, confidence intervale are rather large, so that a 
significant difference could only be found for d-aths on ischemic 
heart disease, with the relative risk of passive smokers of 2.01, 
coming close to that of active smokers by 2.27. 3ovever, the relative 
risk for cardiovascular symptoms in passive smokers compared with 
controls was not significantly different. 

Garland [10] analyzed the ri9k of death from CKD in 695 married women 
who were categorized according to the spouses' smoking habits, broken 
down into "never smokers', 'ex-smokers', and 'current smokers*. In 
women married to ex-smokers, the risk of death from CHD was found to 
be 3.6 times increased, while in women married to current smokers the 
risk was 2.7 times increased as against non-exposed women'. Apart from 
the deficiency mentioned above, it is striking that in this study 
women married to ex-smokers are alledged to have a higher risk than 
women married to current smokers. This is hardly in keeping with 
epidemiological findings according to which even in active smokers 
after giving up smoking the risk of death from CHD shows a relatively 
rapid decline to the level of never smokers. Hence, there is hardly 
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any pathophysiological explanation for tne findings of Garland, so 
that the suspicion of misclassification arises. It should be added 
that the analysis of the study was based on only 19 deaths from CHD, 
so already one single case of death more or fever in this or that 
subgroup of the study population could produce diametrically opposed 
results. Consequently., statistical significance reaches only a level 
of 90Z. although, a 95Z level is usually required. 

A further study by Lee [11] is the only non-prospective and the only 
case control study among the investigations dealt with here. Lee did 
not find any relationship between passive smoking and coronary heart 
disease or stroke. However, it should be pointed out that this study 
can also not entirely be excluded: from the criticism mentioned above. 

As a part of the Multiple Risk Factor Intervention Trial Svendson and 
coworkers [12] compared a total of 1.300 non-smoking men with either 
smoking or non-smoking wives, with regard to the risk of CKD and death 
from CHD. Again the study was based only on a small number of cases. 
The authors found for th09e exposed to passive smoke in an observation 
period of 6-8 years a 1.6 times increased risk of newly developed 
coronary heart disease and a 2.2 times increased risk of deaths from 
CHD. However, the differences in the coronary risk did not reach 
significance level. Although the study reveals certain advantages as 
clearly defined target events, validation of diagnosis of target 
events, consideration of other risk factors, and assessment of the 
subjects smoking habits during the study period, these are outweighed 
by the fact that the subjects were primarily participating in the CHD 
intervention study including drastic medical care to reduce the risk 
factors of CHD, such as a dietary advice or antihypertensive 
medication. This led to a large number cf confounding factors likely 
to affect the results of the study. A particular weakness is the fact 
that the study also failed to assess the spouses’ smoking habits, 
especially the extent of tobacco smoke exposure during the study 
period. 
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Finally* SandC.tr and coworkera [13] studied the frequency of death# 
from CUD in passive smokers by estimating the degree of exposure cn 
the basis of the smoker anamneses of all person* living with the 
subjects in the stmt households. The author compared CHD death rates 
in these pass.v/e smokers with those in non-exp06ed subjects and found 
a 1.2 to 1.3 times elevated risk, with the increase just reaching 
significance, during the 12 year period of follow-up. A dose-effect 
relationship could, however, not be demonstrated. Furthermore, the 
critical points mentioned above apply to this 9tudy as well. There was 
no assessment of passive smoke exposure during the period of follow-up 
and it is unlikely that all persons in a household would maintain the 
same smoking behaviour over a period of 12 years. The authors 
themselves have considerable reservation on this point. 

Taking into account the small increeee in coronary risk in passive 
smokers as compared to non-expoeed subjects and also the low validity 
and small number of epidemiological studies available and the fact 
that their results are at least inconsistent, a relationship between 
passive smoking and cardiovascular diseases cannot be established on 
these data. 

The American Surgeon General, in his report from 1986 arrives to the 
same conclusion by stating 

’The magnitude of risk associated with involuntary smoking exposure is 
uncertain. Sample sizes in most studies are not large, the point 
estimates of effect are unstable, and confidence limits are broad and 
generally overlap from one study to another . 9 

It should be added that the current epidemiological methods seem to be 
not sensitive enough to reveal a relationship between passive smoking 
and CHD, and to distinguish it from the effects of ma jor risk factors, 
such as hypercholesterolemia. 

Furthermore, a review by the National Research Council [15] estimated 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023512061 



7 


that the relative risk of coronary heart disease in nonsmokers exposed 
to environmental tobacco smoke as compared with that in true 
nonsmokers would be approximately 1.02 - an increment difficult to 
detect or estimate reliably in nonexperiaiental studies. 

The question arises, whether evidence can be provided on a 
pathophysiological basis t pointing to a role of passive smoking in the 
development of cardiovascular diseases* It has widely been accepted 
that it is primarily nicotine and carbon monoxide which may account 
for an increased tendency towards atherosclerotic Changes of the 
arterial wall in. active smokers* However, it has been demonstrated 
that under normal life conditions the blood levels for carbon 
monoxide, nicotine and cotinine measured in passive smokers hardly 
differ from those found in non-expoaed subjects at all, whereas 
smokers show concentrations of these substances which are many time9 
higher as compared to the controls [16* 17}. Several active mechanisms 
are in discussion, at lea9t for nicotine, by which the substance may 
contribute to the development of atherosclerosis [18]. However, in 
view of these low concentrations, it can be ruled out as an important 
factor for an elevated risk of CHD to passive smoking. 

If therefore nicotine and carbon monoxide cannot be made responsible 
for an assumed elevated risk of CHD in passive smokers. which of the 
substances will then account for this as toxic agent? 

So far there are no well-documented relevant findings from appropriate 
experiments or epidemiological studies whatsoever. However, one 
further experimental consideration could be the determination of 
chemically modified lipoproteins and the investigation of the 
oxidation of lipoprotein particles in the plasma of passive smoking 
subjects. Modified lipoproteins have been found to be prtaent in 
atherosclerotic plaques and products of oxidation have been seen in 
early and late lesions [IS]. There it increasing evidence that 
oxidized lipoproteins, may play an important role in atherogenesie. It 
has been shown that oxidized LDL enhances monozyte-endotheiial 


10 

o 

10 

CO 

01 

H- 

to 

© 

a 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 



8 


interactions and can accumulate in macrophages [20]. Previous studies 
could demonstrate that oxidation of lipoproteins in plasma derived 
from smokers is facilitated compared to non-smoking controls. However, 
it can be expected that the concentration of inhaled oxidizing 
substances and free radicals during pasiive smoking will be very iow. 

In conclusion it should be pointed out that on the basis of published 
studies and data available a relationship between passive smoking and 
coronary heart disease cannot be established. In contrast to these 
inconsistent observations, it is a matter of fact* that a primary and 
secondary prevention of coronary heart cisease is possible by changing 
life habits including a change of nutritional habits, normalizing 
hypercholesterolemia and high blood pretsure and to stop active 
9moking [21, 22, 23}. 
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7. Environmental Tobacco Smoke and 
Coronary Heart Disease 

A.K. Armitage* 


1. What is coronary heart disease? 

Before considering whether exposure of the non-smoker to ETS represents 
a health risk, let us highlight, briefly and simply, some of the basic 
physiology’, anatomy and pathology of importance to an understanding of 
coronary heart disease (CHD). This type of heart disease, also known as 
ischaemic heart disease, has been at the centre of public health interest'for 
25 years because it is the leading cause of death in many countries, including 
the UK and the USA. ' 

The heart is a blood-filled bag of muscle, which contracts and relaxes 
roughly 70,times a minute to pump blood around the body. It has a 
remarkable capacity to adapt its performance throughout life, according to 
the needs of the body, by varying its rate and strength of beat. As one of the 
most active tissues in the body, the heart muscle needs a good supply of 
oxygen to function efficiently. This supply is not obtained from the blood: 
which is pumped through the chambers of the heart-,, but from blood 
pumped through the coronary arteries. These arteries branch off from the 
main artery (aorta) as it leaves the heart and they then divide into a network 
of smaller branches which fan out all over the surface of the heart. 

Over a period of many years, the walls of the coronary arteries gradually 
‘fur up* with fatty’ deposits known as atheroma. This condition, when 
severe, is coronary heart disease, the clinical manifestations of which appear' 
in two forms — angina and heart attack. If the narrowing of the coronary 
arteries is very gradual (as it usually is) then the first sign of trouble may only 
be noticed when the heart has to work harder than usual. For example, 
during brisk exercise, the heart muscle may fail to receive an adequate 
supply of oxygenated blood and chest pains (angina) may result. The 
symptoms are generally relieved by resting for a few minutes. A heart 


*Dr Alin Anwtage is s Consultant Pharmacolbgist/Toxicologist, formerly Director of 
Toxicology at Hazleton Laboratories Europe and Head of Pharmacology at the Tobacco 
Research Council Laboratories. 
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attack, on the other hand, occurs when there is a sudden and severe 
blockage of one of the coronary arteries, so that the blood supply to pan of 
the heart muscle is not merely reduced, but cut off. The blockage is usually 
caused by a blood clot forming in an artery already severely affected by fatty 
atheroma and is known as a coronary thrombosis. The pan of the heart 
muscle affected is severely damaged (myocardial infarction) causing the 
prolonged pain that is the most common symptom of a hean attack. 
Sometimes the blockage is so severe that the heart stops beating in a 
coordinated manner and circulation of blood to all the tissues of the body 
effectively stops. Unless the hean stans beating normally within a few 
minutes, the person will dk. 

2. What causes coronary heart disease? 

Death rates from CHD vary widely from country to country. For example, 
in 1984 the figures for the age group 55-64 were in excess of 800 per 100,000 
in Northern Ireland, Scotland and Finland and less than 100 per 100,000 in 
Japan. Research workers are still trying to discover exactly what it is in our 
everyday lives that increases the risk of heart attack and angina. It seems 
certain that there is no singk cause; the major risk factors are usually said 
to be high blood pressure, high levels of cholesterol in the blood ; and 
cigarette smoking. In addition, diabetes, lack of exercise and a generally 
aggressive work temperament (so-called Type A behaviour) are all 
considered to contribute to the multifactorial atherogenic process (Kannel, 
1981). 

3. Active cigarette smoking and coronary heart disease 

It has been reponed that malfe cigarette smokers, but not pipe and cigar 
smokers, have consistently higher overall death rates than non-smokers 
from CHD in many, but not all, Western societies. The size of the risk is 
claimed to be dependent on age and daily consumption of cigarettes, being 
greater in men under 50 years of age than in older men. The various 
epidemiology studies consider mortality ratios in slightly different age 
ranges. For men aged ‘around 50% the reponed mortality ratios are some 2-3 
times greater than those of non-smokers. In men aged 60 and above, 
however, when death from hean attacks is in any case more prevalent, the 
mortality ratios are consistently lower, around 1.5 (Surgeon Generals 
Report, 1983). In female smokers, the reponed association between 
cigarette smoking and CHD is much weaker. Several studies indicate that 
cigarette smoking may occasionally precipitate anginal pain in some 
patients or reduce exercise tolerance in others. In others, the frequency and 
severity of atheroma of the coronary arteries at post mortem were greater in 
smokers than in non-smokers. (For specific references, see Royal College of 
Physicians, Reports 1-4, on Smoking and Health, 1962, 1971, 1977, 1983.) 
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On an acute basis, the act of cigarette smoking causes a marked increase in 
heart rate, an increase in cardiac output and a relatively smaller increase in 
blood pressure. The effects are due to absorption of nicotine into the 
bloodstream, increase with degree of inhalation, and in healthy subjects are 
perfectly normal and harmless. In subjects who have already had a heart 
attack and suffered a myocardial infarction, however, a fall in cardiac 
output may occur . It follows that such subjects who can readily be identified 
should not smoke cigarettes (Pentecost and Shillingford, 1964). 

Although the public health lobby frequently claims a causal relationship 
between active cigarette smoking and CHD it should not be forgotten that 
the disease is a common affliction among non-smokers. Furthermore, there 
is much evidence that' is not wholly consistent with a claim of causation 
(Seltzer, 1980, 1981). One notable objection is lack of proof of the 
mechanisms by which cigarette smoking may accelerate development of 
GHD and precipitate death. Nicotine and carbon monoxide have been 
implicated at one time or another, but the reasons have been theoretical and 
emotional, rather than strictly factual. 

The possibilities have been fully discussed by Wynder et al. (1976), while 
Cohen and Roe (1981 )> elegantly, summarised the actions of nicotine that 
might play a role in cardiovascular disease. In the opinion of the present 
author, however, it is misleading to state that cigarette smoking, nicotine 
and carbon monoxide may cause CHD. A similar claim for eating is just as 
reasonable! After all; our restricted diet in World W'ar II and for the rest of 
the 1940s had a favourable effect on CHD death statistics. 


4. ETS and coronary heart disease 

The foregoing summary concerning active cigarette smoking and CHD 
provides the basis for comparing the role of ETS. On this subject, there are 
relatively few relevant published data, which is reflected in the fact that 
cardiovascular diseases occupied only two of the 359 pages of the recent 
Surgeon General’s report, The Health Consequences of Involuntary Smoking 
(1986), and did not feature in any of the 16 paragraphs concerned with 
exposure to ETS of the 4th Report of the Independent Committee on 
! Smoking and Health (1988). 

! ! 

5, Dosimetry 

j The concentration of ETS to which an individual is exposed depends on: 

j • Type and number of cigarettes burned 

I • Volume of room 

• • Ventilation rate 

• Proximity of burning cigarette 

The effective dose for an exposed individual is the dynamic integration of 
i concentration in various environments and the time the individual spends in 
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these environments. These considerations highlight the difficulty of 
assessing accurate dosage under ‘real life’ conditions, which is one major 
weakness of most, if not all, ETS epidemiology studies. It is possible to 
measure the concentration of specific components in ETS, and the two most 
common marker substances are nicotine and carbon monoxide. In a recent 
study (Kirk ei al. y 1988), large differences were shown to exist according to 
the environmental circumstances — for example, travel, leisure, work, 
home. The concentration of nicotine varied from non-detectable to a 
maximum of the order of 400 micrograms per cubic metre (mean 
approximately 15 micrograms per cubic metre); for carbon monoxide the 
range was 0-30 parts per million with a mean concentration of around 2.5 
pans per miiliom With an individual exposed to ETS, there is normal 
breathing of diluted sidestream smoke (SS) and exhaled mainstream smoke 
(MS) from active smokers. This contrasts with the situation obtaining for 
the active cigarette smoker, who takes a puff of neat smoke into the mouth 
and then inhales it. Under these circumstances, the concentration of 
nicotine and carbon monoxide to which the alveolar membranes of the lung 
are exposed is of a totally different order of magnitude — perhaps as much' 
as 1000 times. On theoretical consideration, therefore, the dice are heavily 
loaded against significant absorption of nicotine and carbon monoxide, and 
indeed any other putative cardiovascular toxins like nitrogen dioxide. 

The theory is borne out in practice because cotinine levels in blood, saliva 
and urine, which are often used as a measurement of nicotine absorption of 
non-smokers exposed to ETS, are approximately 1% of those measured in 
active smokers (Jarvis el al , 1984). Blood carboxyhaemoglbbin levels 
(COHb) have been measured in non-smokers exposed to ETS under real life 
and artificaliy exaggerated conditions. They were generally in the range 1- 
1.5% under realistic exposure conditions. 


6. Effect of ETS exposure on heart rate of healthy subjects 

Normal healthy subjects exposed to ETS for periods up to two hours under 
resting or exercise conditions have been studied. There were no significant 
changes in heart rate or blood pressure in adult men and women, indicative 
of the absorption of negligible amounts of nicotine (National Research 
Council, 1986). 

7. Effect of ETS exposure on heart rate of angina patients 

Various studies, conducted mainly by Aronow and colleagues, have 
demonstrated that exercise-induced angina develops more rapidly in 
patients diagnosed with classic stable angina pectoris exposed to 50 parts per 
million carbon monoxide for periods from 1-4 hours. These concentrations 
are on the high side compared with those measured by Kirk ttal. (1988) and 
measured levels of COHb were in fact in the range 2-4%. Only one 
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experiment on the effects of ETS exposure has been reported (Aronow, 
1978) in which 10 patients were exposed to other people's smoke (15 
cigarettes) in a small room during two hours. Even under good conditions 
of ventilation, when the mean car boxy haemoglobin level was only 1.77%, 
there was an apparent substantial reduction in the duration of exercise until 
the onset of pain. The results of this experiment are questionable because 
the study was not conducted on a strict double blind basis, the measured 
end point was a subjective one, and furthermore, the validity of Aronow Y 
work has been critically questioned (Budiansky, 1983). 

8. Chronic effects of ETS exposure 

Because of the many factors that play a role in the development of fatal 
CHD, epidemiology studies need to be carefully designed and, in addition^ 
need to use elaborate, and appropriate, statistical techniques if they are to 
provide unequivocal results. This is particularly true of studies concerned 
with effects of ETS on non-smokers, where, based on dosimetry 
considerations which have already been discussed, any effects might be 
expected to be small. Last, but not lfcast, the question of misclassification of 
smoking status, to which detailed reference has been made in the lung 


TaMel ETS and CHD — Epidemiology Studies 


Author 

Subjects 

Major 

Disease 

Interest 

Adverse 
effect on CHD 

Ail risk 
factors 
adequately 
covered! 

Gillistfaf; 

1984) 

Non-smoking 

women 

Lung 

cancer 

Yes, but sample 
size was small 

No 

Hirayama 

(1984,1985) 

Non-smoking 

women 

Lung 

cancer 

Y’es, relative 
risk 1.3 for 
husbands smoking 
more than 19 
cigarenes/day 

No 

Garland etal. 
(1985) 

Non-smoking 

women 

CHD 

Yes, but 

questionable 

statistically 

No 

Svendsen 

(1985) 

NOn-smoking 

men 

CHD 

NS 

> 

not much 

information 

given 

Lee etal. 

(1986) 

Nhn-smoking 

women 

Various 

No 

Yes 


NS *= not significant 
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cancer chapter, has not been considered in any CHD/ETS study apart from 
the case control study of Lee et al. (1986). This factor is as relevant to CHD 
as it is to lung cancer. 

Rather than record the detailed numerical findings of the various studies 
that have been conducted^ I will summarise the authors’ conclusions (Table 

1 ). 

It is dear that the evidence for a harmful effect of ETS in enhancing CHD 
risk in non-smokers is not very convincing, as the US National Research 
Council also concluded in the following statement: 

‘With respect to chronic cardiovascular morbidity and mortality, 
although biologically plausible, there is no evidence of statistically 
significant effects due to ETS exposure, apart from the study of 
Hirayama in Japan.’ 

There are now, however, two reasons to cast doubt on the Hirayama data. 
Misclassification of smoking status almost certainly accentuates the 
apparent risk, even if it does not altogether explain it. Secondly, when he 
reported on the first 14 years of his prospective study in 1981, there was no 
mention of a higher mortality rate from CHD of non-smoking women 
married to smokers. It is difficult to believe that a previously unsuspected 
risk could become apparent merely as a consequence of 3 more years of 
follow-up. Any author is entitled to his opinions, but in the public health 
area there is a danger that if such opinions are reiterated sufficiently often, 
they may ultimately become accepted as facts. Lee et al. (1986), having 
considered alll the available evidence, concluded that any effect of ETS 
exposure on risk of any of the major diseases that have been associated with 
active smoking is at most small, and may not exist. The case for exposure to 
ETS carrying any increased risk of death from CHD is the weakest of all . It 
has already been pointed out that in many studies the association between 
active cigarette smoking and CHD is much weaker in female smokers than 
in male smokers, or even non-existent. If an effect of smoking on the 
development of CHD cannot be convincingly demonstrated in female active 
smokers, it is difficult to assume that such an effect is possible in females 
exposed to ETS (Schievelbein and Richter, 1984) unless there is something 
particularly noxious in ETS, about which we are currently unaware. This 
seems unlikely. 

At a recent meeting in Montreal, Wexler (1990) and a discussion panel 
also concluded that currently there is no clear demonstration of any 
increased risk of cardiovascular disease from exposure to ETS. 

There is another and independent piece of evidence that casts doubt on 
any significant role of ETS in the development of CHD. Pipe smokers 
inhale tobacco smoke both actively, to a limited extent, and passively. They 
commonly surround themselves in a cloud of tobacco smoke, so that they 
are probably exposed to the highest concentrations of ETS of any group. 
Yet they enjoy relative immunity from the three major diseases which have 
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been associated with active smoking. In conclusion, therefore, non- 
smokers would be much better advised to watch their weight, diet and bloodi 
pressure than to worry about any long-term harmful cardiovascular effects 
of exposure to ETS! 
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> environmental tobacco smoke and 

CORONARY HEART DISEASE 

A.K. Armitage 

Consultant Pharmacologist and Toxicologist Knaresborough, UK 


Abstract 

The possibility that exposure to environmental tobacco smoke (ETS) may increase the risk 
of non-smokers developing coronary heart disease (CHD) is a matter of debate. The 
results of published epidemiology studies have been considered according to the 
classical criteria for judgment of causality. Twelve epidem i ological studies have been 
published on the alleged relationship between exposure to ETS and the risk of CHD in: 
non-smokers. The relative risks generally fall between 1 and 2, which represents a *weak 
•association'. Although the reported association shows some signs of consistency, it is not 
strong, nor it is specific. The lack of consistency between dosrmetjy and epidemiology 
casts doubt on the biological plausibility; further daims of a doseTesponse relationship, 
which are based entirety on reported cigarette usage, are not wholly convincing. On 
current evidence a causal relationship between exposure to ETS and the development 
of CHD has not been proved. 

Key words; Environmental tobacco smoke (ETS), coronary heart disease (CHD), 
association and causality, dosimetry, publication bias, biological plausibility 


Introduction 

The debate regarding the association 
between smoking ^ and cardiovascular dis¬ 
eases, especially coronary heart disease 
(CHD) has, during recent years, led to 
consideration of the possibility that exposure 
of non-smokers to environmental tobacco 
smoke (ETS) might increase the risk of such 
disease. The uncertainty about the existence 
of such an association is evident from the 
pronouncements of groups of scientists who 
carefully and critically reviewed the relevant 
data available at the time of their review. 

1986: US Surgeon General [ 1 ] - "Further 
studies on the relationship between 
involuntary smoking and cardiovascular 
disease are needed in order to determine 
whether involuntary smoking increases the 
risk of cardiovascular disease". This view was 


based on four studies which had been 
published at that time. 

1986: National Research Council!]- “With 
respect to chronic cardiovascular morbidity 
and mortality,.although biologically plausible, 
there is no evidence of statistically significant 
effects due to ETS exposure, apart from the 
study of Hirayama in Japan" (four studies 
considered, three of which were also 
considered by the US Surgeon General). 

1990: Environmental Tobacco Smoke - 
Proceedings of the International Symposium 
a t McGill University, Mon treat 13 ] - Dr Wexlter 
and discussants unanimously concluded that 
the data from seven studies would not pro¬ 
vide any basis for altering the SurgeoniGen- 
eral's and the National Research Councils 
conclusions concerning ETS and cardio¬ 
vascular disease. 


Address correspondence to Dr AX. Armitage. Sycamore Lodge. Abbey Road, knaresborough. North Yorkshire 
HGSBHX, UK. (Accepted for publication 30.7.52.) 
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7 990: LinT* ks between passive smoking and 
disease: a best-evidence synthesis (A] - This 
report ofian 11-member working group on 
passive smoking stated in 1:990 that "after 
an 1 initial review of the literature, we deter¬ 
mined that insufficient studies of high quality 
had been done in the area of cardiovascular 
disease to warrant comment inour review at 
the present time", • 

Most of the studies upon which these 
opinions were based were not designed 1 
specifically to investigate the effects of ETS 
exposure on CHD. According to Weetman & 
Munby [5] they were later adapted to this 
purpose after the initial claims that ETS 
affected health, adversely had appeared in. 
1981-19S2. Thus, neither of the two large 
prospective studies [6,7] was conducted 1 
according to accepted principles, i.e. 
systematic collection of risk factor data at 
intervals and complete foliow-up of all deaths. 
With the exception of the recent study of 
Dobson and associates [8], it is notable that 
all the other published ; studies involved only 
very, small numbers of deaths [9], 

Epidemiology data and the question 
of causality 

Twelve epidemiolbgy studies have now been 
published ([6-8,10-20] - see Table 1) on 
which to base a judgement but few details 
were provided for two of the case-control 
studies and the studies of Martin era/. [11]„ 
Palmer era/.' [13] and Butler [19] have only 
been published as abstracts; full papers are 
still awaited. Some of the data in the Table 
are based on figures quoted by Lee [21 ] and 
Glantz & Parmley [22]. In attempting to 
interpret the results of these studies it is 
appropriate to recall the elements of evidence 
laid down by the United States Surgeon 
General [23] and the late Sir Austin Bradford 
Hill [24] that need to be considered before a 
reasonable inference of causation forstudies 
that purport to show association can be 
made. Hill's elements were as follows; 

- aniassociation should be strong 

- it should be consistent across a variety 
of subject and circumstances 

- it should be specific 

28 


- exposure must precede the observed 
outcome 

- there should'be a dose-response 
relationship' 

- the association should be biologically 
plausible 

-evidence from all rjjevanl scientific 
disciplines should be coherent 

- expenmenta! evidence should besought 
whenever possible 

- analogy to similar cause and effect 
relationships should be considered. 

Hill's criteria did not actually include - 
"sources of bias mustbe excluded" -though 
it is implicit in the condition - "an association 
should be strong". Sources of bias and 
confounders, which feature so prominently 
in all papers concerned with the association, 
of ETS and the development of disease are, 
therefore, logically considered under strength, 
of association. 

The United States Surgeon General [23] 
wisely commented in. 1964 that "Statistical 
methods cannot establish proof of a causal 
relationship in an association. The causal 
significance of an association is a matter of 
judgement which goes beyond any statement 
of statistical probability". It is regrettable, 
however, that three decades on judgements 
tend to get clouded to fit in withbeliefs. Each 
of Hill's elements will be considered in turn. 

Strength of association< 

The possibility of an, association between 
CHD and alleged exposure to ETS has arisen 
from observational studies (prospective and 
retrospective) of groups considered tO' be 
either exposed or not exposed to ETS. Risk of. 
death from CHD in the exposed group relative 
to the unexposed group is calculated' by 
application of appropriate statistical 
techniques. 

There are considerable difficulties in 
conducting: and interpreting epidemiology 
studies when the 'increased risk' is small! 
indeed, it has been' stated [25-28] that 
epidemiology cannot usually reliably predict 
relative risks of less than two. 
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Table 1. Epidemiological studies ol environmental tobacco smoke (ET5) and coronary heart disease (CHD). 





CHD deaths or csses 

Relative 

95% ennf. 


Reference 

Location 

Sex 

Unexposed 

Exposed 

risk 

limits 

Factors adjusted for 

Case control studies: 








lecefa/. 110| 

UK 

M 

26 

15 

1 34 

0 64-2.80 

None 


F 

22 

55 

.97 

0 56-1.69 


Martinets |11| 

US 

F 


23* 

2 6 

1 2=5.7 

Not known 

He|!2| 

China 

F 

9 

25 

15 

Unknown 

Age, race, residence, occupation, 
hypertension, family history of 
hypertension or CUD, alcohol, 
exercise, hypercholesterolemia 



Palmer ef a/(13) 

USA 

F 


7* 

12 

Unknown 

Nol known 

Dobson ef a/. 18) 

Australia 

M 

161 

22 

097 

0 50-1 86 

Age and history of myocardial 



F 

117 

43 

2 46 

1.47-4.13 

infarction * 

Prospetfn/e sfud&ra: 
*Hole eta/. |15| 

UK 

M+ 

30 

54 

201 

1 21-3.35 

Age, sex, class, blood pressure. 



F 





cholesterol, body mass 

Svendsen ef al. (16) 

US 

M 

8 

5 

2.23 

072-6.92 

Age. blood pressure, cholesterol, 
weight, education, drinks 

**He!sing etal. (6| 

US 

M 

248 

122 

1.31 

1 05-1 64 

Age, marital status, schooling. 



F 

437 

551 

1.19 

1 04-1.36 

housing 

Hirayama|7| 

Japan 

F 

118 

376 

1 15 

0 94-1.42 

Age 

Garland ef a/. (17) 

US 

F 

2 

17 

2 7 

0 90-13.6 

A ge 

Humble el si |18| 

US 

F 


76' 

159 

0 99-2.57 

Age, cholesterol, 
blood pressure, 
body mass 

Duller 119) 

us 

F 


64' 

14 

050-3.80 

Age 


m * Hole ef al is an updated Gillis el a/. [14), but is nol a separate sludy 
^ “Ikdsing data extracted from later paper by Sandler cl al |20| 

'= total number of cases 

TS02T9CZ02 
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The 12 studies provided 15 different 
estimates of relative risk for either men or 
women; and 95% confidence intervals are 

; available for all but two of these. Tablte 1; 
shows that 13 out of 15 Indicate a relative 
risk of >1 but eight of these have a lower 
confidence limit of <1, indicative of a 
nonsignificant effect. Although the studies 
suggest an association; because most of the 
claimed relative risks lie between one and 
two. Hill's criterion of strength Is not satisfied. 

The studies by Butler [ 19], Dobson era/. [8] 
and Svendsen era/. [16] give some data on 
ETS exposure at home, work, leisure and 
travel situations. None of these supplementary 
results was statistically significant. 

Meta-analysis 

Recently the results of all studies have been 
combined using the technique of meta- 
anaiysis [29,22]. Wells [29], using studies 
available in 1987, computed a pooled 
relative risk of 1.3 (95% confidence interval, 

1.1i—1,6) for men and 1.2 (95% confidence 
interval, 1.1-1.4) for women. GJantz & 
Parmley [22] : reported a relative risk of 1,3 

) (95% confidence interval, 1.2-1.4) for men 

and women combined; 

Meta-analysis is a mathematical technique 
primarily developed for handling data from 
multi-centre randomised clinical trial* where 
the same protocol forthe selection of patients, 
the selection of control subjects, dosing and 
observation is followed in each of the 
collaborating centres. Whether such 
techniques are scientifically appropriate for 
epidemiologltall studies conducted in 
different countries by Investigators using 
widely different methods and : criteria is 
doubtful'[30*-34]. 

Meta-analysis does not increase the 
strength of the association, although, by 
reason of narrowing the 95% confidence 
intervals it may produce a mathematically, 
though not necessarily biologically, significant 
relative risk. The Glantz and Parmley paper 
[22] has recently aroused criticism and 
debate [35-38] on a number of issues 
including the mathematical;model used by 
Wells [29]. 

l 
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Misdassification bias 

According to Lee [39,40] most, if not all, of 
the apparently higher risk of lung cancer 
among non-smoking women married to 
smokers compared to non-smoking 'women 
married tonon-smokers can be explained by 
a bias introduced when 1 smoking (or ex¬ 
smoking) women, daimi untruthfully to be 
non-smokers. Such misdassification leads 
not only to imprecision;but to bias, because 
smokers tend to marry smokers and 
non-smokers tend to marry non-smokers 
more than would be expected by chance. 
Misdassification bias of this kind affects not 
only the interpretation of data relevant to 
lung cancer risk from ETS but also to some 
extent that relevant to CHD risk [21]. The 
matter of smoking' habit concordance has 
been fully discussed by Lee [21 ]. 

Publication bias 

Lee [21] has shown.that tnere is a tendency 
for the studies with small numbers of deaths 
or cases to have the largest relative risk 
estimates. For example. Table 1 shows that 
the highest relative risk reported, i.e. 2.7 by 
Garland er al. [17] was based on only 19 
deaths, whereas one of the lowest relative 
risks (1.19) reported by HelSing [6] was based 
on; 1,358 deaths in the largest of the 12 
studies. Lee [21] suggests that this is a 
manifestation of publication' bias. He also 
points out that the American Cancer Society 
has relevant data on many thousands of 
deaths from heart disease among 1 women, 
who have never smoked, but has not so far 
reported results which, according to Lee,, 
suggests that no relationship with ETS was 
found. The possibility of publication bias 
has been strengthened by the paper of 
Easterbrook et al. [41] which states, "we 
have confirmed the presence of a systematic 
selection bias in the publication process 
according to study results, Studies with a 
statistically significant result for the main 
outcome of interest were more likely to be 
submitted for publication and more likely to 
be published than studies with null results, 
after adjustment for confounding factors". 
Thus, conclusions of mete-analyses based 
only on published work may produce a 
misleading high estimate of relative risk. 
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Other potential confounders 

Neither of the two large studies [6,7] recorded 
details of major risk factors for CHD such as 
blbod pressure, blood cholesterol levels, 
obesity, etc, an omission criticised by a number 
of reviewers [3,5,21 ]. In the studies by Helsing/ 
Sandler [6,20] and by Hole [15] the index of 
ETS exposure was based on living with a 
smoker, but no adjustment was made for the 
number of people in the household. Since 
household size may correlate with various 
facets of disease, adjustment should have 
been made for it in the analysis. Dobson era/. 
[8] collected data on smoking behaviour for 
cases and controls by different methods and 
showed that, for the controls, smoking 
frequency varied according to the location of 
data collectioni This provides a further 
important example of potential bias. 

Consistency of association 

Statistically, assuming no systematic bias, it 
would appear unlikely that 13 out of 15 
estimates of relative risk>1 could have arisen 
by chance. Although, some element of 
consistency amongst the published studies is 
indicated the possibility of publication bias 
may have accentuated the consistency of the 
association! 

Specificity of association 

There are two distinct aspects of specificity- 
one relating to the exposure and one to the 
disease. CHD is a common cause of death in 
non-smokers, which is hardly surprising when 
almost 300 so-called risk factors have been 
described [42] and the literature on such risk 
factors “seems to expand at almost 
exponential rates" [43]. For this reason, the 
cause of CHD Is frequently stated to be 
multifactorial in origin; It has been said that 
"the phrase is a synonym for 'unknown' and 
thus a euphemism for ignorance “ [44], CHD 
is of course not the only disease to be linked 
with ETS. There is, therefore, an absence of 
specificity in the association, as Wexler [3] 
also concluded. 

Temporality 

Hill! [24] stressed the need to consider the 
temporal relationship of any association, 


particularlyfordiseasesofslowdevelopment. 
There are no data available on which to 
address the importance of the temporality of 
the association between ETS and CHD. In. 
view of the multirfactonal nature of the 
disease, which inevitably, complicates its 
precise development, it is doubtful if there 
ever will be any unequivocal data in this 
context. 

Dose/response relationship 
Exposure 

• ETS is a mixture of sidestream tobacco smoke 
(the smoke that originates from the 
smouldering end of a cigarette, cigar or a 
pipe between puffs), waste mainstream 
smoke (i.e. that expelled prior to inhalation) 
and exhaled mainstream smoke diluted with 
variable but much larger volumes ofambient 
air. Additional physicalland chemical changes 
occur as the mixture ages. The concentration 
and nature of ETS to which an individual is 
exposed depends, among other things, on: 

- type andnumber of cigarettes smoked 
in a given time 

- volume of room 

- ventilation rate 

- proximity of burning cigarette. 

The effective daily dose for any exposed 
individual depends upon the concentration 
in various environments and the time spent 
in these environments, which highlights the 
difficulty of assessing, exposure under Teal 
life' conditions [45]. Additionally, exposure 
must relate to a time-span that is appropriate 
to the development of the disease. 

ETS is a complex mixof many components 
and, because no known substance is rep¬ 
resentative of all of these, it is not possible 
to monitor ETS exposure meaningfully [5]. 
Nicotine comes closest to fulfilling some of 
the requirements for a suitable marker [46], 
Kirk etal. [47] measured atmospheric nicotine, 
carbon monoxide and particulate matter in. 
nearly 3,000locations over 30 minute periods 
in travel, work, home and leisure situations.. 
Their data show that levels vary greatly both 
within, and between, situations. They 
illustrate how inadequate and misleading is 
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an assessment of ETS exposure in 
epidemiology studies based merely on 
reported smoking habits of couples living 
together, determined from questionnaires. 

The reliability of questionnaires represents 
a weakness of all experimental! designs, 
particularly when smoking spouses them¬ 
selves were not always questioned [4S]. Ad¬ 
ditionally, some are untruthful! about their 
smoking status and misdassification of 
non-smokers who are really smokers 
invariably results [39,40]. In the large Helsing 
study [6], the only smoking dkta that were 
collected on every person was in 1963, and 
noattempt was made tosee whether changes 
in smoking habits occurred duringthe study. 

Dosimetry 

Dosimetry assessment involves the 
measurement of a substance in biological 
fluids. If ETS has any affect whatsoever on 
CHD then the only reasonable way that this 
could come about is by absorption of a 
component or components of ETS into the 
systemic circulation. No such measurements 
have been incorporated in any epidemi¬ 
ological study; 

As with markers of exposure, there is no 
singlesubstance that is reliably representative 
of ETS. Both nicotine and carbon monoxide 
have been implicated in possible mechanisms 
by which active cigarette smoking may 
accelerate the development of CHD [49]; 
Nicotine and its metabolite cotinine, which 
has a half-life of 15-20 hours, have been 
measured ini (a) ETS exposed non-smokers, 
(b) non-smokers not exposed to ETS, (c) 
active smokers [SO]. Very small amounts of 
cotinine are found in the plasma, saliva and 
urine of non-smokers. Whilst non-smokers 
allegedly exposed to ETS are reported to 
have higher cotinine levels than non-smokers 
not exposed, these levels are minute 
compared with those found in active smokers 

(about 1/300) and va nation between subjects 
is large (up to 10-fold). 

Ih i non-smokers, endogenous production 
of carbon monoxide results in low blood 
levels of carboxyhaemoglobin (COHb) in 
the range 0.5-1.5% [51). Small increases 
of COHb due to ETS exposure may be 


indistinguishable from those due to en¬ 
dogenous production and non-tobacco 
related sources [1]. 

C ieariy, the a mou nts of n icoti ne a n d ca rbon 
monoxide absorbedfrom ETS are small and 
it is unlikely that either compound plays any 
role in the alleged increased relative risk for 
CHD of non-smokers exposed to ETS. It 
would be surprising' if any other smoke 
component was absorbed in significant 
amounts from ETS. 

Dose/response 

Some authors [7,12,15,16] of the studies 
listed in Table 1 claim that their data 
demonstrate a dose-response relationship 
between ETS exposure (based onthe number 
of cigarettes smoked by the active smoking 
partner) and death from CHD. lh,viewofthe 
imprecision of such dosage assessment, these 
claims should be viewed with caution [52], 

Biological plausibility 

Although ETS is a different entity from 
mainstream smoke, it contains many of the 
same components, and attempts have been 
made to equate ETS exposure with active 
smoking in terms of 'cigarette equivalents'. 
On such exposure/dosimetry considerations, 
the restive risks of more than two reported 
in some ETS studies [8,11,15,16,17] are 
implausibly high, set against the reported 
relative riskfor active smoking of 1,9 in males 
and 1.8 infemales [53]. Professor Wald con¬ 
cedes that the association seems "surprisingly 
large" and requires explanation [64] and has 
commented that the risk of 1.3 given by 
Glantz & Parmley [22] is "too high to be 
biologically plausible" [55]. 

Thatone author [17)can incorrectly report 
a relative risk of 14.9 (the major finding of the 
study) and then subsequently 'Correa' it to 
2.7 whilst maintaining that this "does not 
affea the conclusions" [56], casts grave 
doubt on the condud of the whole study. 
Likewise, wheni Hirayama [57]; reported on 
the first 14 years of his prospective study, 
there was no mention of a higher mortality 
rate from CHD of non-smoking women 
married to smokers. Armitage [45] pointed 
out that "it is difficult to believe that a 
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previously unsuspected risk couid become 
apparent merely as a consequence of three 
more years of: follow-up". Doll (58] has 
commented that if you find something 
unexpected but of social significance you 
have a responsibility to be sure that you are 
nght before you publicise your results to the 
world. Ini the same paper he also offered 
additional advice that ". . . as a research 
worker, you always ought to try to disprove 
your own findings". 

Pipe smoking 

Pipe smokers inhalte tobacco smoke bothi 
actively (to an extent) and passively. They 
surround themselves in dense clouds of 
tobacco smoke and are regularly exposed to 
high concentrations of ETS, yet experience 
"little if any excess risk of death from coronary 
heart disease" [59]. It is unlikely that the 
chemical composition of pipe sidestream! 
smoke would differ appreciably from that of 
cigarette sidestreamsmoke. Therefore, these 
observations provide suggestive evidence 
against a role of ETS as a cause of death from i 
CHD. 

Coherence 

This criterion addresses the effects of ETS on 
biological systems which have been daimed 
to support' a causative hypothesis. 

Platelet function 

Glantz & Parmley [22] claimed that ETS 
adversely affects platelet function in a way 
that increases the risk of heart disease. This 
conclusion is not warranted considering that 
the study cited [60] measured a response to 
an ETS insult in non-smokers kept together in 
an 18m 2 room for 20 minutes, while testers 
smoked "30 heavy brand" cigarettes. The 
relevance of these 'artificial' experiments to 
CHD problems is questionable. It is not known 
whether, under normal conditions of ETS 
exposure encountered in real-life situations, 
the platelet function of non-smokers exposed 
to ETS differs from the platelet function of 
non-smokers not so exposed. 

Fibrinogen levels and thrombogenesis 

Dobson and associates [8] reported plasma 
fibrinogen concentrations in the control 1 


subjects of their case-control study in ani 
attempt to provide mechanistic support to 
their condusion that exposure to ETS in the 
home increases the risk of fatal andhon-fatal; 
heart attack. The authors state that "people 
exposed to passive smoking had higher levels 
than those not exposed 1 (except for passive 
smoking at home for women)". However, 
the results were not significant and the 
workplacemeans for non-smoking men and 
women (exposed vs. non-exposed) were 
virtually the same. 

Effects of ETS/carbon monoxide on 
exercise tolerance 

Healthy peoplte can inhale enough carbon 
monoxide to reduce the oxygen carrying 
capacity of the blood by 10% or more, 
without ill-effect (61 J. However, people with 
reduced circulatory efficiency (e.g: because 
of existing heart disease) may be temporarily 
compromised by exposure to carbon 
monoxide; their exercise tolerance may be 
reduced and they may developanginal pain 
sooner than in the absence of carbon mon¬ 
oxide. Aronow [62] reported a reduction in 
the duration of exercise until: the onset of 
pain in 10 patients exposed' to ETS, which 
resulted in mean COHb levels of 1.77% and 
concluded that exposure to ETS was harmful 
to patients with angina pectoris. Aronow's 
experiments were not conducted on:a stria 
doublte-blind basis and the measured 
end-point was a subjeaive one. Mucbof his 
work has now been generally discredited 
[1,63,64], Sheps era/: [65] have since shown 
that blood Itevels as high as 4% COHb have 
no significanteffect on a range of parameters 
examined in patients with ischaemic heart 1 
disease. This well-controlled study casts 
considerable doubt on the suggestion that 
elevation of carbon monoxide levels in the 
blood resulting from ETS exposure is 
demonstrably harmful. 

Experiment 

Hill [24] asked whether the frequency of the 
associated event (CHD death) was affeaed 
by preventative action (modifying ETS 
exposure), No data relevant to this question 
are currently available. Whether it 1 would be 
possible to design a sufficiently sensitive 
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study to demonstrate objectivelythe value of 
preventative action in any specific situation 
seems questionable. 

Analogy 

ETS is one of the many problematical materials 
on which toxicologists have had to make 
safety evaluation judgements because of its 
variable composition and complex physico¬ 
chemical: properties. The obvious analogy is 
with; mainstream tobacco smoke to which 
reference has been made in the section on 
biological plausibility. Great caution, how¬ 
ever, needs to be exercised in making judge¬ 
ments in this context (52). 

Conclusion 

The case for ETS exposure causing CHD is 
wholly unconvincing because almost all of 
the accepted 'causational' criteria remain 
unsatisfied. Of particular concern is the 
weakness of the association, the likelihood 
of the existence of publication bias resulting 
in an overestimate of a very Ibw relative risk, 
the lack of biolbgical plausibility and the 
anecdotal! nature of dosimetry assessment. 


At the present time, therefore, one is not 
able to conclude categorically that ETS is, or 
is not, harmful in a cardiovascular context. It 
is debatable whether the conduct of further 
epidtemiological studies, frequently recom¬ 
mended; is practical and justified. Small 
studies are a waste of time and money 
because at best they can only detect large 
risks as significant. Of course it is theoretically 
possible to conduct a prospective study, as 
envisaged by Wexler [3], which would control • 
for all confounding variables and ; involve a 
sufficient number of subjects to provide 
reasonable statistical power. However, even 
large studies cannot distinguish with any 
certainty between a very low risk and no risk. 
Furthermore, without meaningful measure¬ 
ment of prolonged ETS exposure, results 
might still be inconclusive regarding the ques¬ 
tion of causation. In the meantime, it is 
wrong that an ETS/CHD health scare has 
been biown up out of all proportion'in the 
last fewyears by a passionate anti-ETS health 
lobby. Interpretive opinions are not proven 
facts; they must be challenged and a more 
balanced point ofi view presented to the 
general public. 
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EDITORIAL 




Give a dog-end* a bad name 


"Exposure to tobacco smoke and 'wellbeing and health’are incompatible. Discuss." At first 
glance, this hypothetical examination question poses no great intellectual challenge. Cause 
and effect have been established beyond reasonable doubt, by means of well-designed 1 pro- 
and retrospective epidemiological studies, between active cigarette smoking and a statistically 
significant increase in risk of bronchial carcinoma and coronary heart disease (CHD). it has also 
been asserted that active smoking can increase morbidity and mortality from a host of other 
pathological conditions affecting almost all physiological systems. A quick glance down the 
index to our selected abstracts list will testify to that statement. Serious questions have, 
however, recently been raised in this and other Journals on the reliability of some data 
seemingly establishing some of these causal relationships. In the previous issue Professor 
Ashford (J. Smoking-Related Dis. 1992; 3; 263-274):pointed to the very real problems m 
assessing smoking-reiated mortality from all causes and suggested that, not infrequently, a 
degree of interpretative licence appears to have been exercised in arriving at expected 
conclusions. 

If data on active smoking are being occasionally calllsd into question; there are even greater 
problems concerning passive smoking and environmental tobacco smoke (ETS).. 
Cardiopulmonary disease, asthma, atherogenesis, lung cancer, leukaemia, retarded growth 
in children - in these and many more instances, a case has been made for ETS as a major 
aetioibgicali factor. But assessing the impact of ETS is an exercise made hazardous by 
confounding variables lurking around every statistical comer. In the case of CHD, for example, 
some 300 risk factors have at some time or other been identified - by what means is it possible 
to unravel these d&ta and point the finger with any degree of confidence at ETS per se as a 
major causative element? 

In this issue. Dr Armitage (pp27-36) tackles the question of ETS and CHD, and his analysis 
of 1i2 major, epidemiological studies leads him to conclude that the relationship between ETS 
and increased risk of CHD "is not proven;" He has some cogent remarks to make on the 
suitability of meta-analyses in the assessment/evaluation of the effects of ETS and about 
publication bias. Papers with a statistically significant result supporting the point of interested 
more likely to be submitted and accepted for publication than are those covering larger 
numbers of subjects, but where there is a null finding. Further difficulties are encountered 
when determining inter- and intra-population quantitative exposure to ETS. Should domestic 
exposure albne be measured, or continualbut varying exposure over the course of time? How 
do you compare groups from different sized households both in terms of numbers of smokers 
and non-smokers and in the actual area of containment? Is exposure accurately determined 
by salivary or urinary cotinine concentrations? These are questions which urgently need tobe 
addressed in a meticulous manner to .stem the flow of poorly researched or, analysed, data 
which could ultimately prove to be counter-productive to the overall public health'task. 

In an article in the Viewpoint series in the Lancet (1992,340; 1,208 -1209) Dr Petr Skrabanek 
points out another fascinating statistical paradox arising from anti-smoking campaigning over 
the years. The number of deaths in the UK allegedly attributable to smoking has risen from 
50,000 per annum in 1962 to 150,000 at present. However, the number of smokers has fallen 


* Editor's note: for our American cousms, dog-end « burr. 
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from 75% of men and 50% of women in 1958 to 33% and 30%, respectively, 30 years later. 
What, one is tempted to enquire, is going on? Could it be that smoking is becoming an 
increasingly convenient scapegoat? in an illuminating couple of sentences, Skrabanek puts it 
into perspective:: "Statements such as 'a halfrbillion of the world population will be killed by 
tobacco' are intended to horrify. They tell us nothing about what to advise a 65-year-old 
widow with rheumatoid arthritis, who smokes 15 a day - and such information is nowhere 
ro be found." (My italics.) Subsequent correspondence (Lancet 1993; 341; 58-59) under¬ 
scores the importance of resolving such dearly emotional questions. 

The Journaliof Smoking-Related Disorders is firmly behind all efforts to prevent the young 
from starting to smoke and convincing older people to stop. But we can also see the dangers 
inherent in overkill and the use of unsubstantiated generalisations. Campaignersare by nature 
evangelical in their approach - but the scientific argument has to be built on more solid 
foundations. To this end, the Editora of the JS-RD together with the publishers, Gardmer- 
Caldwell Communications (GCC Ltd), are actively canvassing support for an International 
Congress which will address some of the issues touched upon above. Anyone who would like 
further information should contact the Managing Editor directly at GCC Ltd, Macclesfield. 

Returning to our examination question,- ft does not, after all, elicit a clear-cut answer. For 
many, smoking is a pleasurable experience and to many more probably the only pleasurable 
one left'without which their particular 'well being and health' might well suffer deletenously. 
That is a fact which certainly the General Practitioner, has to take on board whendealing with 
the individual patient (relevant to the quotation from the Lancet article above). It does and 
should not in any manner detractfrom the mainthrust ofithe pathophysiological anti-smoking 
arguments which will be pursued with vigour in the pages of this Journal: 


A.D.S. Caldwell 

Managing Editor 
Journal of Smoking-Related Disorders, 

Oxford, UK 
January 1993 . 
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Epidemiological evidence of increased hang cancer risk in never imokers married to smokers 
has been used to estimate annual deaths from environmental tobacco smoke (ETS) exposure. Such 
estimates are very much higher than thoae based on dosimetric considerations and misleadingly 
ignore major weaknesses in the epidemiology. Some authors overestimate total lung cancers 
occurring in never smokeri. There is no scientific basis for extending risk assessments to 
incltide deaths from other causes, from workplace exposure to ETS, and among ex-smokers. 
Recent nak assessments by Well*, by Repace and Lowrey, and by Kawachi and colleagues are 
given particular attention. 


INTRODUCTION 

, In 1986 four authorities reviewed the 

\ evidence on the relationship of environmental 
tobacco smoke (ETS) and health (1-4), There was 
agreement that there was inadequate evidence to 
determine whether ETS caused heart disease or 
cancers other than the lung. With regard to lung 
cancer views were more conflicting. The 
International Agency for Research on Cancer (1), 
while noting that "several epidemiological 
studies have reported an increased risk of lung 
cancer in non-smoking spouses of smokers” 
pointed to "substantial difficulties" and errors 
that "could arguably have artefactually depressed 
or raised estimated risks" so that each study "is 
compatible either with an increase or with an 
absence of risk". The Australian National 
Health and Medical Research Council (2) noted 
that "the evidence that passive smoking causes 
lung cancer is strongly suggestive" and, although 
pointing to difficulties in many studies that 
"preclude a conclusive interpretation", stated 
that "passive smoking gives rise to some nsk of 
cancer". The US Surgeon Genera! (3) concluded 
that "involuntary smoking is a cause of lUng 
cancer" but that quantification of the nsk for the 
US population "is dependent on a number of 
factors for which only a limited amount of data 
are currently available". The US National 
Research Council (4) noted that a "summary 
estimate from epidemiological studies places the 


increased risk of lung cancer in non-smokers 
married to smokers compared with non-smokers 
married to non-smokers at about 34and 
considered that, though "to some extent, 
misdassification bias may have contributed to 
the results reported in the epidemiological 
literature", the "bias is not likely to account for 
all of the increased nsk". 

Although one of the four authorities felt it 
premature to conclude cause and effect, and two 
who thought cause and effect could be concluded! 
felt it could not be quantified, there has been an 
increasing tendency to carry out risk 
assessments to estimate annual numbers of 
deaths due to ETS. The purpose of this paper is to 
underline a number of problems in conducting 
such risk assessments, and to comment 
critically on three that have recently been 
published. The first, by Wells (5), estimated that 
annually in the United States 46,000 deaths per 
year occurred among non-smokers (i.e. never 
plus ex-smokers combined) due to ETS exposure 
at home and at work. 3,000 were from liing 
cancer, 11,000 from other cancer and 32,000 from 
heart disease. The second, by Kawachi and 
colleagues (6), estimated that annually in. New 
Zealand 273 deaths per year occurred among 
never smokers, 30 from lung cancer and 243 
from ischaemic heart disease; 95 deaths were 
from at home exposure and 178 from at work 
exposure. The third risk assessment, by Repace 
and Lowrey (7), was based on a review of nine 
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other risk assessments for lung cancer. They 
noted that "excluding one study whose estimate 
differs from the mean of the others by two orders 
of magnitude* the remaining risk assessments 
are in remarkable agreement. The mean 
estimate is approximately 5000 ± 2400 non- 
smokers’ lung cancer deaths per year in the US". 

This paper starts by discussing risk 
assessment for lung cancer among never 
smokers based on epidemiological data in 
relation to spouse smoking, this being the area 
most intensively studied. Following this 
problems resulting from extending the risk 
assessment to cover other diseases are 
discussed: as are those caused by considering 
workplace as well as at home ETS exposure. 
Finally, some other issues are considered^ 

LUNG CANCER IN NEVER SMOKERS 
IN RELATION TO ETS EXPOSURE 
FROM THE SPOUSE 

An up-to-date review of the evidence (8): 
shows there are 27 epidemiological studies of 
lung cancer (involving nine or more cases) in 
which risk in never smokers could be related to 
the smoking status of the spouse (or in Five 
studies to an alternative index of at-home 
exposure). Eleven studies were conducted in the 
US, eieven in Asia and five in Europe, involving a 
total of 2350 lung cancer cases with relevant data, 
90% of these being females. 26 of the 27 studies 
provide estimates of relative risk in relation to 
this index of ETS exposure for females; values 
ran& from just under 1.0 to just over 2.0. Five 
are statistically significantly positive and 20 
estmates are greater than 1.0: Taken as a whole 
thedata show a positive relationship - the median 
is .about 1.25. Based on 17 of these studies, using 
fornal meta-analytie techniques which weighted 
studies on sample size but not on quality of 
eviifcnce, Wells (5) gave an average relative risk 
of 1144, with 95% confidence limits 1.26 to 1.66. 
Thee data for males are more variable, being 
bssd on 11 studies often with small numbers of 
idetfhs. Seven relative neks were greater than 1, 
Donesjgmficantly so, with one equal! to 1 and three 
tessthan 1. The median is similar to that for 
finales. 

The epidemiological' evidence has been used 
for the risk assessments of Wells (5) and 
Karachi ef ai (6). It has also been used for a 
number of the risk assessments cited by Repace 
and Lowrey (7). This is only valid if the 
epixtansological evidence itself is sound and not 
subjects material bias. In order to investigate 


this issue, two questions will be addressed; first, 
"Is the magnitude of the risk plausible based on: 
what is known about the extent of exposure?" and 
second, "Are there weaknesses and sources of 
bias in the epidemiology which could invalidate 
the approach?" 

Dosimetric considerations. 

If lung cancer risk, relative to a non ETS exposed 
never smoker, is RE in an ETS exposed never 
smoker and RS in an ever smoker, then the ratio 
of excess risks X«(RE-1 V(RS-l) is an indicator 
of the relative effects of ETS exposure alone and 
of smoking. Since risk associated with smoking 
is approximately proportional to number of 
cigarettes smoked, one might expect, were the 
epidemiology unbiassed, that X would be similar 
to the ratio of relevant smoke constituents from 
ETS exposure and from smoking. Table V shows, 
in rank order, estimates of X baaed on data for 18 
studies in females and 7 studies in males. In 
females, almost half (8/18) of estimates are 0.2 
or greater with the median value 0.14. For males, 
the results vary more and are based: on many less 
data points, but the conclusions to be drawn are 
similiar • namely that the epidemiological 
evidence, if unbiassed, suggests that the extent of 
exposure from ETS (from spousal smoking): is 
something like 10-20% of that from active 
smoking. 

It is clfear the ratio of exposure from ETS and 
exposure from active smoking is much lower 
than 10-20% for those smoke constituents that are 
commonly used as markers. In a large 
nationally representative study in the UK (27); 
mean salivary cotinine levels in non-smokers 
married to non-smokers, in non-smokers 
married to smokers and in smokers were 
respectively 1.22, 3.78 and 331 ng/ml 1 in males 
and 0.76, 2.21 and 328 ng/ml in females, giving a 
relative exposure for ETS to active smoking of 
0.8% in males and 0.4% in females. Repace and 
Lowrey (7) give a slightly higher figure, noting 
that non-smokers have of "the order of 1% of 
nicotine uptake of smokers" but it is still an 
order of magnitude less than the 10-20% one 
requires to align with the epidemiology. 
Differences in clearance rates of cotinine 
reported between non-smokers and smokers are 
too small to affect this gross discrepancy 
materially*, in any case, since the half-life 
seems to be longer in non-smokers it would 
increase the discrepancy (28), not reduce u as 
Repace and Lowrey (7) claim. 
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TABLE 1 Comparability of relative riakj dbe to ETS exposure (from spouse) and active smoking 


Study 

(ref) 

Sex 

RE* 

RS** 

X* 

Inoue 

(9) 

Female 

2.55 

4.25 

0l48 

Geng 

(10) 


2.16 

4.18 

0i36 

Trichopoulos 

(11) 


2.08 

4.37 

0i32 

Akiba 

(12) 


1.52 

3.24 

0.23 

Brownaon 

<13)i 


1.82 

4.75 

0.22 

Koo 

(14) 


1.55 

3.56 

0.21 

Lam 1 

(15) 


2.01 

5.94 

0.20 

Hole 

(16) 


1.89 

5.43 

0.20 

Lam 2 

(17) 


1.65 

4.97 

0.16 

Hirayama 

(18) 


1.38 

4.12 

0.12 

Gao 

(19) 


1.19 

3.15 

0.09 

Wu 

(20) 


1.20 

3.31 

0.09 

Correa 

(21) 


2.07 

14.10 

0.08 

Humble 

(22) 


2.34 

28.53 

0.05 

Svensson 

(23) 


1.26 

7.17 

0.04 

Lee 

(24) 


1.03 

4.70 

0.01 

Buffler 

(25) 


0.80 

5.91 

-0.04 

Chan 

(26) 


0:75 

3.07 

-0.12 

Akiba 

(12) 

Male 

2.10 

3.21 

0.50 

Hirayama 

(18) 


2.34 

4.39 

0.40 

Hole 

(16) 


3.52 

15.88 

0.17 

Humble 

(22) 


4.19 

29.36 

0.11 

Correa 

(21) 


1.97 

30.15 

0.03 

Lee 

(24) 


1.31 

12.02 

0.03 

Buffler 

(25) 


0.51 

7.03 

-0.08 


Risk of ETS exposed never smoker relative to non ETS exposed never smoker 
Risk of ever smoker relative to non ETS exposed never smoker 
Ratio of excess risks, e.g.for first study 0.48 » (2.55-l)/(4.25-l) 


N.B. Risks given are unstandardised for age since standardised estimates were not available in 
many studies and generally differed little from unstandardised estimates where both were 
available. 


Estimates of relative exposure based on. 
inhaled smoking-related particulates show an 
even greater discrepancy. Arundel et at (29) have 
estimated that for the US average daily inhalfed 
particulate ETS exposure for all never smokers 
is 0.62 mg/day for men and 0.28 mg/day for 
women as against 387 mg for men and 311 mg for 
women who currently smoke. Since ETS exposure 
of exposed non-smokers is about 3 times that of 
all non-smokers (27), one can calculate that the 
ratio of average exposure for ETS to active 
smoking is about 0.4% in men and 0.2% in 
women, similar to an estimate of 0.3% given by 
Repace and Lowrey (7) based on their own work. 

Arundel et cil (29) pointed out retention of 
smoking related particulates is much higher in 
smokers (80%) than, in non-smokers( 11%); They 
estimated a relative exposure for ETS to active 
smoking of around 0.03-0.047c (29). Using 
radiotracer techniques, a similar, very low ratio 
of 0.02% has been estimated based on particulate 


deposition in the trachea-bronchial region (30)., 

While both ETS and mainstream smoke 
contain a wide variety of chemicals, and relative 
exposure of passive and active smokers will vary 
quite widely according to which chemical is used 
as the marker - the factor being higher for vapour 
phase than for particulate phase compounds (31) - 
there is certainly strong evidence of a marked 
discrepancy between the epidemiology and 
dosimetry. Indeed, since it is commonly 
believed lung cancer in smokers is associated 
with deposition of particulate matter in the lung - 
the basis of “tar" reduction programmes - the 
discrepancy seems very large, by two or even 
three orders of magnitude. 

One implication is that risk assessments 
based on dosimetnc evidence are likely to give 
substantially lower estimates than those based on 
the epidemiological evidence. Another impli¬ 
cation is that it gives reason to doubt the epi¬ 
demiology, and to lbok for sources of bias. 


195 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


2023512095 



Risk assessments based on dosimetry versus 
those based on epidemiology. 

Let us consider the situation with regard to the 
three risk assessment papers which are being 
studied in detail. All three have different 
approaches. 

Kawachi et al takes the epidemiology at face 
value and do not attempt risk assessment based 
on dosimetric evidence (except vide infra to 
adjust relative risks for at home exposure to those 
for at work exposure). The discrepancy between 
the dosimetry and the epidemiology is not even: 
mentioned. 

Wells (5) also bases his risk assessment on 
the epidemiology’. However he does note that the 
mortality observed for passive smoking is 
"rather high" relative to the deposited dose of 
particulate, contrasting relative factors for 
passive to active smokers of 0.25% for "smoke 
retention" (Arundel's figures cited above suggest 
0.03-0.04%) and 2.9% for lung cancer (Table 1 
suggests 10-20%h He believes the differences 
are due to differences in chemistry and physics 
between active and passive smoking, and! 
essentially does not doubt the validity of the 
epidemiology. 

Repace and Lowrey (7) review risk assess¬ 
ments based both on dosimetric and epidemi¬ 
ological evidence. While this should have 
revealed major differences between estimates 
based on the two methods of risk assessment they 
in fact, claim "remarkable agreement". There 
are many reasons for this erroneous conclusion: 

i) They rejected the estimate of Arundel et al 
(29), based on retained particulate matter, 
because it differs from the mean of the 
others by two orders of magnitude. 

ii) They misquote Robins’ work in the NRC 
report (4). They cite his estimates of 2500- 
5200 US deaths in lifelong non-smokers 
per year from passive smoking as being 
dosimetncally based when in fact they 
clearly are epidemiologically based. 
Robins also provides much lbwer 
estimates of 45-396 deaths based on 
respirable suspended particulates, but 
Repace and Lowrey totally ignore these. 

iii) They quote an early paper by Fong (32), 
which assumed that the extent of exposure 
from ETS was of order 2% to 8% that from 
active smoking, a relative factor far higher 
than indicated by the more recent data 
summarized in the previous section. 

iv) : They omit their own dosimetncally based 


•■timate because it is "inconsistent with 
the epidemiology of passive smoking . It 
is hardly surpnsmg they get "remarkable 
agreement" if they reject estimates that do 
not agree! 

Table 2 presents the vanous estimates for the 
studies reviewed by Repace and Lowrey (7). The 
epidemiologically based estimates are reason¬ 
ably consistent and high. The dosimetncaliy 
based estimates are much lower. How much 
lower depends on the smoke constituent used for 
extrapolation. 


Epidemiology is imprecise. Various sources 
of bias can produce spurious relative nsks of 2 or 
even more (38). Since the relative risks seen for 
ETS exposure are well within this range, and 
since they seem inconsistent with the dosimetnc 
evidence, it is important to examine the epi- 
demiolbgical evidence critically. Six potential 
sources of bias are considered below. 

Misclassifkation of diagnosis. 

Of the 27 epidemiological studies of ETS and 
lung cancer, three were prospective and based 
diagnosis on death certificates, and only 15 used 
only (or virtually only) histologically confirmed 
cases. Faccini (39) has discussed the dangers of 
misdiagnosis, particularly of primary breast 
cancer as lung adenocarcinoma. The magnitude 
and extent of bias from this source is, however, 
unclear. Random misdiagnosis would tend to 
reduce the relative risk, but differential 
misdiagnosis might increase it. In theory 
differential misdiagnosis might occur if a nsk 
factor for the misdiagnosed disease is correlated 
with ETS exposure, or if knowledge of ETS 
exposure by the doctor affects diagnostic 
procedures, but there is no direct evidence of 
this. 

Misclassification of ETS exposure. 

None of the studies had any objective measure 
of ETS exposure, either from ambient air 
measurements in the home or workplace or from 
measurements of levels of smoke constituents in 
body fluids. All information came from 
questionnaires. While random misclassifi¬ 
cation of exposure will: tend to dilute 
associations, it is possible that in case-control 1 
studies some recall bias might have occurred, 
with cases overestimating exposure relatively to 


Weaknesses of the epidemiology. 
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controls in an attempt to rationalize their 
disease. This would probably have been less 
important for relatively "hard*' questions such as 
those relating to whether the spouse smoked than 
for more "soft” questions on extent of exposure. 

Publication bias. 

There is strong reason to believe (40) that 
scientists are less likely to submit, and journals 
less likely to accept, papers showing no 
association than those showing a positive 
association. If so, published evidence tends to 
overestimate the true association of a factor with 


a disease. Since ETS has been the subject of much 
attention in recent years and since a relatively 
large number of unpublished null studies would 
be needed to counterbalance the high proportion of 
studies of spouse smoking and lung cancer 
showing a positive association, it would seem 
unlikely non-reporting bias could fully explain 
the overall positive relative risk. However the 
fact that the studies showing the highest relative 
risk are based on significantly smaller numbers 
of cases than the studies showing the lowest 
relative risks (8) is consistent with the notion 
that small null studies do not get published* and 
suggests some publication bias exists. 


TABLE 2 Estimated number of lung cancer deaths occurring in US never smokers from ETS 
exposure in 1988 (adapted from Re pace and Lowrey (7» 


Study 

Oref): 

Method of estimation' 

Estimate * 

Wald: 

(33) 

Epidemiological 

5210 

Repace & Lowrey 

(34) 

Phenomenological ** 

4310 

Robin s 

(4) 

Epidemiol ogical 

4150 

WigU 

(35) 

Epidemiological 

3650 

Kuller 

(36) 

Epidemiological 

3500 

Wells 

<51 

Epidemiological 

2130 

Fong 

(32) 

Dosimetric - 2% to 8 °k of effect 

1860 

Russell 

(37) 

Dosimetric - nicotine 

710 

Repace & Lowrey 

(34) 

Dosimetric-respirablesuspended 

particulates 

490 

Robins 

(4) 

Dosimetric + 

240 

Arundel 

C2 91 

Dosimetric - retained particulate 
matter 

40 


• As given in (7j; rounded, or converted from estimate for nonsmokers. Dosimetric estimate for 
Robins study added. 


** Based' on comparison of lung cancer rates in never smoking SDAs (Seventh Day Adventists) and 
non SDAs (uncorrected for numerous lifestyle factors on which SDAs and non SDAs are known to 
differ). 

+ Assuming a non-exposed non-smoker inhales the equivalent of 0.01 cigarettes per day. Robins 
gives 0.0001-0 005 cigarettes per day for the equivalent in terms of respirable suspended 
particulates. 


Poor design of some studies. 

Of the 27 studies which provided information 
on ETS and lung cancer, 24 were of case-control 
design. There were clear weaknesses in design 
in a number of the case-control studies. One 
study (10) did not even state wnat the control group 
was. Four studies (9, 12, 21,, 25) included some 
patients or decedents with smoking associated 
diseases in their control group. More seriously 
there were systematic differences in study, 
procedure between cases and controls in a 
number of studies. In three studies where the case 
might have been alive or dead (13, 22, 41) the 
controls were not matched om vital status. Two 
studies (11, 15): used cases and controls from 


different hospitals. Two studies (17, 23) 

interviewed cases in hospital and some or all 
controls elsewhere. In three studies (13, 21, 22) 
the proportion of next-of-kin respondents was 
substantially higher for cases than controls. 
Although difficult to quantify the effect of such 
procedural differences it is notable that for 
females the observed relative risk in the eight 
studies showing differences was higher (median 
1.9) than in, the 17 studies where like was being 
compared with like (median 1.2, p on rank test 
<0.05). It is also worth noting that three studies 
(12, 25, 42) obtained a high proportion of 
responses from next-of-kin and that itv one of: 
these (42),. no association betweeni lung cancer 
risk and spouse smoking was seen when the 
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subject herself reported the information, but a 3- 
r old relative risk was seen when the information 
as obtained from a daughter or a son. 

Confounding. 

There were 22 studies in which the index of 
ETS exposure used was smoking by the husband. 
One would have thought that the standard 
procedure would have been to present an age* 
adjusted comparison of married never smoking 
women whose husbands were non-smokers with 
married never smoking women whose husbands 
were smokers, and to also present a relative nsk 
adjusted'further for other potentially confounding 
factors known to affect risk of lung cancer. It 
was clear this standard procedure was not kept to* 
About half of these studies included unmarried 
women in their non-exposed group so that there 
was a confounding between marital status and 
ETS exposure. Three of the 22 studies (11, 15, 43): 
and also one of the other five (26) did not adjust 
for age at all while in three others (10, 17, 21), 
although cases and controls were age-matched 
initially, the error was made of failing to age 
adjust after the never smokers were selected out. 
Almost half the studies failed to take into account 
any other confounding factors and of the 
»mainder most looked at only quite a limited 
number of possible such factors. Those few 
studies which looked at a reasonable number of 
confounders were generally those where no 
significant effect of ETS exposure had been seem 
anyway._ Koo (44) compared never smoking 
women whose husbands did or did not smoke on a 
wide range of factors and found that those whose 
husbands did not smoke were "better off in terms 
of socio-economic status, more conscientious 
housewives, ate better diets, and had better 
indices of family cohesiveness". 

Misciassification. 

It is amply documented that active smoking is 
positively associated with lung cancer and also 
that smokers tend preferentially to marry 
smokers more often than would be expected by 
chance. As a result, even if ETS had no effect 
whatsoever on lung cancer risk, a spurious 
positive associationi between spouse smoking and 
lung cancer nsk will be seen if a proportion of 
ever smokers are misclassified as never 
smokers (27). The relationship between the 
magnitude of this bias and the misciassification 
ate can, be calculated theoretically given the 
jegree of between spouse smoking concordance, 
the observed proportion of ever smokers, the 
observed proportion of never smokers who are 


married to smokers, and the observed relative 
risk in relation to active smoking. TabU 3 shows 
this relationship for four scenanos: US women, 
US men, Asian women and Asian men. The 
misciassification bias is much larger where the 
proportion of smokers is larger, and where the 
relative risk in relation to active smoking is 
larger. In order to achieve a bias-of 1.4 for 
example, one would need less than a 1% mis¬ 
ciassification for US men, about a 2% miscias¬ 
sification for Asian men, about a 5% misciassi¬ 
fication for US women and about a 30% mis¬ 
ciassification for Asian women. Elsewhere (44) 
I have reviewed in detail the published evidence 
on the levels of misciassification actually 
determined in over 100 studies. In studies of 
self-reported non-smokers under no special 
pressure to deny smoking, biochemical tests 
suggested'that on average around 4% were actually 
current smokers, with 1 to 2% current regular 
smokers. In addition to the misclassified 
current smokers, studies in which subjects were 
asked questions on multiple occasions have 
shown' a somewhat larger number of ex-smokers 
misclassified as never smokers. The evidence 
is certainly consistent with misciassification' 
bias being of major importance in the US (and 
European) studies. However there is virtually no 
good evidence on misciassification rates 
Asian populations. There has long beeni 
speculation that rates may be particularly high' 
among women in Japan, where smoking is not 
considered socially acceptable. A survey of 
Tokyo University fresh wo men (46), among whom 
55% of smokers reported that their family did not 
know they smoked, tends to confirm this. 
However until cotinine studies are conducted to' 
find out the true situation the extent of bias caused 
by misciassification in Asian studies will 
remain unclear. 

Misciassification also leads to overes¬ 
timation of the total number of lung cancers 
among never smokers. This is considered below 
under "other issues'*; 

Conclusion. 

The answers to the two questions posed 
earlier are clear. The epidemiology has indi¬ 
cated a magnitude of nsk in relation to spouse 
smoking that is implausibly large compared! with 
what is known about the extent of ETS exposure 
involved. There are clear weaknesses and 
sources of bias in the epidemiology which could 
invalidate nsk assessments based on it. The 
most important of these are misciassification 
bias and failure properly to compare like with 
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like in case-control studies, but failure to 
properly take confounding variables into account 
and publication bias are also relevant. 

All three risk assessments criticised in this 
document take the epidemiology virtually at face 
value, with' no real discussion at all of its 
weaknesses. Thus Kawachi et al (6) mentions 
only publication bias (and dismisses it), while 
Wells (5) considers only misclassification bias 
(and! then inadequately corrects for it). Repace 


and Lowrey (7) do not discuss any sources of bio 
at all (though some of the authors whose studu 
they review do so). No reasonable scientif. 
entena are used to decide what constitutes a val; 
study before it can be included in a ns 
assessment - studies conducted with complet 
disregard of basic scientific principles ar 
included as if they were as valid as care full i 
designed studies. 


TABLE 3 Bias due to misclassification in four scenarios. 


Scenario 

% Ever Smoked 

% ETS Exposed 

RR for Smoking 

Misclassification Rate 

Bias 

US women 

49.0 

54.3 

6.73 

1% 

1.06 





2% 

1.12 





5 % 

1.35 





10% 

2.02 

US men 

77.1 

38,7 

11.83 

1% 

1.52 





2% 

2.38 

Asian' women' 

24.5 

56.9 

2.99 

10% 

1.07 





25% 

1.26 





40% 

1.73 





50% 

2.82 

Asian men 

80.8 

6.6 

3.48 

1% 

1.20 





2% 

1.42 





5% 

2.36 


N .B. NO effect of ETS and between spouse concordance ratio of 3.0 assumed. % ever smoked, % ETS 
exposed and RR (relative nskV for active smoking estimated from those studies providing 
relevant data. See (8) for further details. 


EXTENDING RISK ASSESSMENT TO 
COVER DISEASES OTHER THAN 
LUNG CANCER 

Heart disease. 

In the risk assessment by Wells (5); heart 
disease deaths formed 10% of the total. In that by 
Kawachi et al (6), they formed 89%. As noted 
above, in 1986 none of the major authorities 
considered that ETS had been shown to cause heart 
disease. Evidently Wells and Kawachi, in 
assuming that ETS causes heart disease, are 
jumping to a conclusion that a number of panels 
of distinguished scientists have not reached. 
While there are more data now than in 1986, it 
remains abundantly clear that the evidence still 
does not support this conclusion. 

Wells (5): cites data from six published 
studies (18. 24, 47-50) and one unpublished study 
(51); Of these seven studies,, five (16, 24, 48, 50, 
51) were based on very much smaller number of 


deaths/cases than the other two (18, 49) so that they 
contribute very little to the overall meta- 
analysis. While some further small studies have 
been published since (see 8), none are large. For 
this reason it is worth taking a detailed Ibok at the 
two larger studies. 

The largest of these studies was by Helsing et 
a/ (49); This involved more heart disease deaths 
among non-smokers than all the other studies 
combined^ It reported a 24% increase in heart 
disease nsk in women exposed to ETS, based on 
988 deaths, and a 31Cr increase in men, based on 
370 deaths. Many features of the study and the 
results render any conclusion that ETS causes 
heart disease most insecure: 

i> The comparison was of people who lived with 
a smoker and of those who did not. with no 
direct adjustment for the number of people in 
the household. Clearly the larger the 
household, the more likely it is to contain' a 
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smoker, so any risk factors related to 
household: size could contribute to the 
association. 

ii) The study was not a properly conducted 
prospective study, in that data were only 
collected on whether a given subject had or 
had not died in Washington County over the 
12-year period. Differences in smoking 
habits and disease status between those who 
left the county and those who did not may have 
caused substantia] bias. 

iii) There was no dose-response relationship in 
the exposed groups. Indeed, in men the risks 
(relative to the non-exposed) were somewhat 
lower with increasing exposure score. 

iv) Adjustment for effects of age, marital status, 
years of school and quality of housing used a 
procedure that was unclear and which had a 
huge effect. Thus in women, the passive 
smoke exposed: group had a crude heart 
disease death rate 34% lower than the non- 
exposed group. After adjustment it was 24% 
higher. Such a large effect of adjustment 
makes one wonder just how contingent the 
reported results were on the exact list of 
confounding variables included, the 

f statistical! technique used for adjustment, and 

$ the accuracy with which the confounding 

variables were measured. 

v) A whole range of factors have been relkted to 
heart disease. Among major factors not 
considered in the study were hypertension 
and cholesterol level. 

While it is difficult to determine the relative 
importance of the features listed above, it is clear 
that one must have very considerable reser¬ 
vations about the results from this study. 

The Japanese prospective study of Hirayama 
(18) is superficially very good, being very large, 
having a long follow-up period and being 
apparently reasonably representative. However, 
fallowing detailed scrutiny given to his study 
following the 1981 paper (52) which really brought 
ETS to public attention, a number of authors have 
identified various weaknesses (53, 54, 55). His 
questionnaire was extremely short and crude by 
modern standards, severely limiting the number 
of risk factors studied and the depth to which they 
could be investigated. The population was only 
interviewed once with no changes in habits 
'ecorded in 16 years. The mortality of his 
.ilegedly representative population is too low to 
reconcile satisfactorily with national rates, 
indicating that tracing of deaths was incomplete, 
with deficits varying by age and marital status 


(53) . His statistical presentation is inadequate in 
a number of ways: the methods used were not 
appropriate for analysis of long-term cohort 
studies; rates for heart disease in women were 
age adjusted 1 to their husband's age rather than 
their own age; and some basic mistakes in 
analysis were made. One error, noted in 1981 

(54) , resulted in enormous inflation of the 
significance of the lung cancer associatiom A 
second, noted more recently (55), concerned the 
total inconsistency of results for heart disease 
reported in 1981 and 1984, and was only resolved 
by Hirayama (56) admitting his earlier data were 
in error. A number of approaches have been made 
to Hirayama to release his data for independent 
verification' of his findings by more appropriate 
statistical methods, but Hirayama has always 
refused to release his data, which only casts more 
doubt on his findings. While his findings show a 
16% increased risk of heart disease in never 
smoking women married to smokers which is 
marginally significant when a dose-related trend 
test is used, it is difficult to place much faith in 
his findings. 

Although it has been demonstrated above that 
the risk assessment for heart disease essentially 
rests on the results from two studies, both of 
which seem unreliable, a number of other 
general points can be made. First, there are a 
very large number of risk factors for heart 
disease. It is evident that adjustment for these 
factors in the studies has always been incom¬ 
plete, and often' seriously incomplete. Second, the 
extent of the association seen in some of these 
studies, which in' some cases is clbse to that 
reported in relation to active smoking, is 
implausibly high when viewed against the extent 
of the association seen in relation to active 
smoking. Third, there is a major danger of 
publication bias. It is notable that the literature is 
still relatively sparse despite the numerous 
ongoing studies of heart disease and the fact that 
heart disease in a non-smoker is probably 50 
times or so more common than lung cancer in a 
non-smoker. Any prospective study that has 
reported on lung cancer clearly could have done 
so for heart disease. The fact that the American 
Cancer Society million person study, which 
reported for Ibng cancer (57), has not reported 
any results oni the relationship of heart disease to 
ETS can reasonably be read as implying no 
relationship was found in that study. If this is in 
fact true, and its results were published, the 
picture from the meta-analysis would change 
dramatically since the study would involve so 
many deaths from heart disease in non-smokers. 
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Cancer other than the lung. 

Kawachi et ai (6) did not include deaths from 
cancers other than the lung in their risk 
assessments, but Wells (5) did, although he only 
made estimates for females since he considered 
data for males to be too sparse. In fact, there is by 
now rather more evidence available than Wells 
considered, and the picture is completely 
unconvincing as to the effect of ETS exposure. 

Of 10 studies providing some evidence, six 
give no real indication of an effect of ETS. These 
included two moderate sized case-control studies 
of bladder cancer (58; 59) which both gave relative 
risks dose to unity, a case-control atudy of 
cervix cancer (60) which founds no association 
with spouse smoking after controlling for 
smoking by the female subject, and a prospective 
study (47) which found a non-significant relative 
risk of 1.20 1 for cancers other than the lung based 
on 43^ deaths. Another study showing no effect was 
the case-control study of Miller (61) from which 
an. age-adjusted relative risk of 0.97 for lung 
cancer in relation to husband's smoking history 
could be calculated. It is interesting to note that 
Miller, while presenting data by age, did not age- 
standardise, and gave a relative risk of 1.40, 
white Wells (5), though he did age-standardise, 
unaccountably used data for unemployed rather 
than all women, giving a non-significant, 
relative risk of 1.25. The largest study showing 
no' effect was the Washington County study on 
which the Helsing heart disease results (49) were 
basedl A later paper (625 reported that relative 
risks for all cancer for living with a smoker 
were 1.01 in'mates, based on 115 deaths, and 1.00 
in females, based on 501 deaths. 

Turning now to the four studies that provided 
at least some suggestion of an effect, the smallest 
was that by Reynolds et ai (63). This prospective 
study found no association between smoking by 
the spouse and risk of cancer in men, not giving 
detailed results. In women, a positive 
association was found, but this was only of 
marginal significance (p=0.035), and the relative 
risk of 1.68 had quite wide confidence limits, 
being based on only 71 cancer deaths, only five of 
which were considered to be smoking related. 

In a large case-control study of cervix cancer 
in Utah (64), a significant positive trend in nsk 
was noted 1 in' relation to various indices of 
passive smoking exposure. There were many 
weaknesses in this study, including failure to 
adjust for religion (427c of cases and 587c of 
controls were Mormons^ large and differential 
non-response rates, mi sd assufi call on of 


smoking status, and failure to adjust adequately 
for sexual habits. A crude relative nsk of 14.8: 
in relation to ETS exposure for three or mor» 
hours per day dropped to 2.96 after adjustment fa* 
the reported number of sexual partners of thi 
woman. As number of sexual partners is only ar 
inaccurately measured surrogate of the tru* 
sexually related cause of cervix cancer 
presumably a sexually transmitted infection, thi 
adjustment will be incomplete and the excess 
relative nsk in relation to ETS may be wholly 
spurious representing a residual confounding 
effect of sexual habits (65). 

The other two studies reporting a positive 
association were both cited by Wells (5) and were 
the major contributors to his risk assessment for 
cancers other than the lung. The study by Sandler 
et al (66) for which Wells cites a relative nsk oi 
2.0 based on 231 cases of cancer other chan the 
liing, used a mixture of friends or acquaintances 
of patients and peopte randomly selected by 
systematic telephone sampling as controls, a 
very questionable procedure. Response rates also 
varied substantially between cases and controls. 
The unconvincing nature of the findings was 
heightened by study of the results for individual 
cancer sites where large effects were claimed 
for ETS for a number of cancers (breast, thyroid, 
leukaemia/lymphoma) that have little or no 
relationship to smoking. 

The largest study is that by Hirayama (18, 52. 
67). Wells (5) cites a relative nsk of I.II (957r 
confidence limits 1.0-1.2) based on 2505 deaths 
fromi cancer other than the lung. This is 
unconvincing for a number of reasons. First, 
most of the comments made about this study when 
considering the heart disease results apply. 
Second, the relative risk is only at best of 
marginal significance (trend p * 0.05 on a one- 
tailed test). Third, the association with spouse 
smoking arises mainly because of elevated nsks 
of brain and breast cancer, cancers that are not 
smoking related. 

The overall evidence for cancer other than 
the lung is clearly remarkably unconvincing in 
demonstrating any effect of ETS exposure. 
Where any association is reported it is generally 
for cancer sites not affected by active smoking. 
Wells (5) has great (and unjustified) faith in the 
epidemiology, claming "these differences in 
mortality effects are probably real.'* Because it 
is certainly true (though as yet unquantified) that 
smokers have higher ETS exposure than 
nonsmokers it is a priori very difficult to see 
how an association with any disease could be 
observed only in response to ETS exposure, a 


on i' 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


TOTZXSVZOZ 



view endorsed by IARC (1): Welle argues 
competing risks might be the explanation, effects 
of ETS exposure on such cancers as brain, 
endocrine glands, lymphoma, and breast only 
occurring in people with a particular 
susceptibility, and that people with this 
susceptibility, if they smoke, die first from lung 
cancer or other smoking-related cancers. This 
seems a remarkably unattractive and implau¬ 
sible hypothesis, for which there is no supportive 
evidence. Mortality patterns for lung cancer in 
terms of age, dose and duration of smoking are 
well described by models involving no 
component for variation in susceptibility at all, 
the response arising from random variation. Of 
course susceptibility might in fact vary to some 
extent (68, 69), but hardly-so much that any effect 
in active smokers would be ruled out. The 
simpler hypothesis that any relationship seen 
between' ETS and cancer of sites other than lung is 
due to chance or bias seems more plausible. 

EXTENDING RISK ASSESSMENT TO 

COVER ETS EXPOSURE FROM THE 
WORKPLACE 

Wells (5) took account of ETS exposure 
outside the home in two ways in his risk 
assessment. First, he estimated the proportion 
exposed by adding the proportions of never 
smokers living with ever smokers (taken from 
the controls of the US based epidemiological 
studies) to the proportions of alll nonsmokers who 
did not live with a smoker but who where still 
exposed at home or at work (taken from Fnedman 
(70)). Second, he adjusted relative nsk estimates 
upwards, except in Greece, Japan and Hong Kong, 
by assuming that nonexposed nonsmokers were 
actually exposed to 1/3 the extent of the exposed 
nonsmokers. Essentially he assumed that 
exposure outside the home had the same effect as 
exposure from the spouse. 

Kawachi et al (6) estimated the proportion of 
people exposed at home and at work from surveys. 
From the relative risk in relation to home 
exposure, 1.3, they multiplied the excess relative 
risk, 0.3, by a factor, 4.0, based on Repace and 
Lowrey s estimate (34) of the relative extent of 
exposure to> the particulate phase of ambient 
tobacco smoke at work ('1.82 mg/day) to at home 
(0:45 mg/dayj; thus estimating relative nsk of 
lUng cancer in relation! to work exposure, 2.2. 
They commented that 'this estimate is consistent 
with the relative risk of 3.3 (95^r confidence 
interval 1.0*10,5) for never smokers exposed to 


passive smoking at work reported by Rabat andi 
Wynder (71) in one of the few studies that has 
distinguished exposure at work from' exposure at 
home. However, we have adopted the more 
conservative estimate of 2.2". 

It is surprising that neither Wells 05): nor 
Kawachi et al (6) seem to have actually taken, into 
account the total epidemiological evidence on 
lung cancer in relation to workplace exposure. 
Had they done so (see Table 4) they would have 
found that overall it gives no indication of a 
positive association at all, with only four out of 
eleven relative risk estimates greater than 1.0 
and only the singlte estimate (Rabat 1 - males)! 
selectively cited by Kawachi et al (6) even close to 
being significantly positive. The upper 
confidence limit for seven of the eleven 
estimates is less than the estimate of 2.2 used in 
their risk assessment. 

Most lung cancer cases occur at an age after 
people have retired. While Wells (5) adjusts the 
exposed fraction down with increasing age, 
Kawachi et at (6) make no such adjustment, 
assuming that their unjustifiably high relative 
risk of 2.2 in relation to workplace exposure 
operates at age 80 as at age 40: 

The estimates by Kawachi ef a/(6) of risk due 
to workplace exposure from nsk due to at home 
exposure are in any case methodologically un¬ 
sound. Even assuming (and these are very big as¬ 
sumptions), that meta-analysis gives unbiassed 
estimates, that nsk is linearly related to extent 
of exposure to smoke constituents, and that the 
estimates of relative exposure at work and at 
home are valid, the equation they used is totally 
incorrect. The formula only makes sense for a 
companson of those exposed at work and not 
elsewhere with those exposed at home and! not 
elsewhere. If at home and at work exposure are 
positively correlated (as is likely) double 
counting of deaths arises. In the extreme 
situation where everyone is exposed to both or to 
neither source, their method for estimating 
deaths due to at home exposure yields an answer 
appropriate for both exposures combined: Using 
their procedure, which would then multiply up 
deaths due to ETS by five, might lead to there being 
more deaths due to ETS than actually occur ini all! 

The validity of the factor of 4 for relative 
exposure at work to at home is anyway very 
dubious. A recent large survey in London (74); 
found little difference between particulate matter 
levels measured in the home and at work. Indeed 
where smoking took place, the level at work was 
less than at home. 
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TABLE 4 Reported relative nsks oflung cancer in relation to ETS exposure at work. 


( 


Study 

(ref) 

Sex 

Index of exposure 

Relative nsk 

(95<£ conf.limits) 

Garfinkel' 

(42) 

Femate 

Smoke exposure at work in last 5 years 

0:88(0.66-1.18) 



Femate 

Smoke exposure at work in last 25 years 

0.93(0.73-1.13) 

Rabat 1 

(71) 

Femate 

Current exposure on regular basis to tobacco 
smoke at work 

0.68(0:32-1.47) 



Male 

Current exposure on regular basis to tobacco 
smoke at work 

3.27(1.01-10.6) 

Rabat 2 

(72) 

Female 

Exposed to ETS at work (ever) 

1.00(0.49-2.06) 



Male 

Exposed to ETS at work (ever) 

0.98(0:46-2.10) 

Lee 

(24) 

Femate 

Passive smoke exposure at work 

0.63(0:17-2.33) 



Male 

Passive smoke exposure at work 

1.61(0.39-6.60) 

Shimizu 

(73) 

F emale 

Someone at working place smokes 

1.20(0.44-1.37) 

Varela 

(41) 

Both 

150 person/years smoking in the workplace 

0.91(0.80^1.04) 

Wu 

(20) 

Female 

Passive smoke exposure at work 

1.3 (0.5-3.3) 


OTHER ISSUES 

Extension of risk assessments to workplace ETS 
and heart disease deaths. 

White the use of epidemiolbgical data to 
estimate the number of deaths from' lung cancer 
among never smokers is dubious, extension of 
these estimates to other diseases and to 
workplace exposure is even more so. This 
highlights the invalidity of the estimates by 
Kawachi et al (6) where of a total of 273 deaths per 
year due to ETS among never smokers, only 4_are 
from lung cancer due to at home ETS exposure, 
while as many as 152 are from ischaemic heart 
disease due to at work ETS exposure.. The 
fragility of the confidence limits, 112 to 442, for 
the overall total of 273 is obvious. In no sense can 
we be confident that the true answer lies in this 
range. The estimate is cast in an even poorer 
light when one realises that the factor of 4 used to 
calculate lung cancer relative risks at work from 
those at home is also used for heart disease. What 
is the justification for that? The basis for the 
factor is relative particutete matter exposure, 
widely thought irrelevant to heart disease 
aetiology. It is notable that their resultant heart 
disease relative risk estimates for at work 
exposure are, implausibly, larger than those 
generally reported in relation to active smoking. 

Extension of risk assessments to ex-smokers. 

Wells {5; 1 and Repace and Lowrey (7) 
estimate numbers of deaths due to ETS among 
never smokers and ex-smokers combined. They 


assume risk estimates based on results for never 
smokers are applicable also to ex-smokers. 
Neither paper discusses the problems implicit in 
this approach. In the first place there is no direct 
epidemiological evidence on risk in relation to 
ETS exposure for ex-smokers with the limited 
exception of the study by Varela (41) which found 
no evidence of an effect of ETS in either never 
smokers or long term ex-smokers. Nor is there 
any evidence on levels of ETS exposure in ex- 
smokers as distinct from never smokers. 
Without direct evidence the assumption that risk 
increases in relation to level of ETS exposure in 
ex-smokers to the same extent that it does in 
never smokers seems remarkably simplistic. 
Might not effects of ex-smoking interact with 
those of ETS (if any)? Might not the situation 
depend on how long ago the smoker has given up , 
or why? There seems no scientific justification 
whatsoever for extrapolating estimates to ex¬ 
smokers. 

Extrapolation from one country to another. 

Kawachi et al ( 6 > do not discuss the validity of 
calculating estimates for New Zealand when all 
their relevant source data comes from other 
countries. Their answer depends heavily on the 
US based factor of 4 used for relative exposure at 
work to at home. As noted above a UK study <68> 
found! a factor less than ll Which is relevant for 
New Zealand? 

Variations in relative risk of lung cancer by age. 

As discussed by Wells (51 and in the NRC 
report by Robins (4); if the relationship between 
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ETS and lting cancer risk depended on age, it 
would be appropriate to take this into account in 
the risk assessment. In fact only the study of 
Hirayama (18^ 67) presents data by age, other 
investigators implicitly assuming that the 
relative nsk is invariant of age. Using a relative 
risk estimate of 1.44 as applying to all age 
groups, Wells calculated there would be 992 
deaths per year due to ETS exposure. Wells noted 
that Hirayama's data actually indicated "a 
declining relative risk with* age from 1.87 at 
approximately age 50 to 1.43 at approximately age 
75" and used these data to "develop a second death 
calculation assuming a declining relative risk 
but still normalized to 1.44" arriving at a slightly 
lower estimate of 911 deaths per year. Wells' 
calculations mislead in a number of ways. First, 
he used as source material data an risk by age of 
the husband (67) when more appropriate data by 
age of the wife were available (18). Second* he 
used data for ages 60-69 and 70-79 combined as 
applicable at "approximately age 75", concealing 
the fact that the relative nsk estimate at age 70*79 
is actually 0.70i If one uses data in Wells Table 
6 for never smoker death rates* nonsmoker: 
populations and fractions exposed by age, and one 
uses Hirayama’s actual relative risks by age of 
the wife 018), then it can be shown OTable 5) that 
allowing for vanation in risk by age very 
substantially affects estimates. Thus, for the 40- 
79 age group; one arrives at an estimate of 858 
deaths due to ETS if one assumes age invariance, 


but one actually amves at an estimate of 964 
deaths saved by ETS if one uses Hirayama s data 
directly. The relative risk estimate for the 70^79 
year age group is certainly unreliable, being 
based on only 6 deaths in the Hirayama study (as 
against 46, 91 and 57 for ages 40-49, 50-59* 60^69,. 
so in Table 5 estimates of deaths are also shown 
using a combined relative nsk for the age groups 
60-69 and 70-79. This gives an estimate of 299 
deaths due to ETS, substantially less that that 
assuming risk is invanant of age. While there 
are many problems in applying the Hirayama 
estimates, including the fact that Wells' Table 6 
is based on age at death whereas Hirayama s data 
are based on age at start of the study, Wells' paper 
conceals the major problems which have been 
given detailed attention by a number of authors 
(75; 76). Reliable data broken down by age are 
clearly needed. 

How many lung cancer deaths are there in total 
among never smokers? 

In 1985 in the USA, there were a total of 83,854 
deaths from lung cancer among males and 38*702 
among females (77).In his Tables 6 and! Al, 
Wells (5) gives estimates of death' rates among 
never smokers which, if applied to the age- 
specific population estimates of never smokers, 
yield l',907 deaths among males and 4,232 deaths 
among females, respectively 2.3% and 10.97c of 
the total deaths from lung cancer. 


TABLE 5 Numbers of lung cancer deaths per year among US nonsmokers occurring in the 
population aged 40W9 based on Hirayama s (18) estimates of relative nsk by age of wife 


Age 

Risk assumed 
Relative risk 

invanant of age 

Deaths 

Risk assumed to vary 
Relative risk* 

with age 

Deaths* 

40-44 

1.45 

32 

2.76 

69 

45-49 

1.45 

40 

2.76 

85 

50-54 

1.45 

58 

1.72 

79 

55-59 

1.45 

89 

1.72 

122 

60-64 

1.45 

119 

1.12(0.97) 

390-11) 

65-69 

1.45 

165 

1.12(0.97) 

54d-15) 

70-74 

1.45 

170 

0.19(0.97) 

-740M5) 

75-79 

1.45 

185 

0.19(0.97) 

-672(-15): 

Total 


858 


-964(299) 


Bracketed items assume common estimates for 60-69 and 70-79 age group. 


Elsewhere (78), I have reviewed the 
proportion of lung cancers occurring among 
never smokers in a range of recent 
epidemiological studies of Western populations. 
This gave an average of 2.4% for males and 13.2% 
for females, equivalent to 2,012 and 5,109 deaths 


respectively, reasonably dose to the estimates of 
Wells. 

Other authors have suggested there are more 
deaths than this. Thus in the 1986 NRC report (4)' 
Robins quoted estimates of roughly 5.200 deaths 
for males and 7,000 for femal'es among U.S. 
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never smokers in 1985, while Repaca and Lowrey 
07) cite Kuller et at (36) for an estimate of 6000 to 
8000 lung cancer cases each year in US never 
smoking women. 

Three points anse. First, there is consid¬ 
erable uncertainty about the number of lung 
cancer deaths among never smokers. 

Second, if the lower estimates, which total 
about 6,000-7,000 deaths in the two sexes 
combined, are used, then many of the epidemi- 
ologically based estimates shown in Table 2 are 
totally unreasonable. Even if (implausibly) 
everyone were assumed to be exposed to ETS with 
risk doubled as a result the estimated number of 
lung cancer deaths occurring among never 
smokers would only be 3,000-3,500, and yet the 
four highest estimates in Table 2 all exceed this. 

Third, none of the estimates of total lung 
cancer deaths among never smokers cited above 
make any adjustment for misdassification of 
smoking status, all taking self-reported smoking 
habits at face value. Starting with the first 
estimate cited above of 6,139 deaths for the sexes 
combined, one can readily calculate that, if 1% of 
ever smokers were assumed to deny smoking on 
interview, this figure would fall by over a 
thousand to 4,972. This underlines the 
unreasonableness of the higher estimates in 
Table 2. 

DISCUSSION 

In the USA in. 1985 there were some 120,000 deaths 
from lung cancer. Although estimates of the total 
number occurring among never smokers of up to 
around 12,000 have been cited, more reasonable 
estimates seems to be about 5,000 to 6,000. Ifrv 
attempting to estimate how many of these occur as 
a result of ETS exposure, one has to decide 
whether to base ones estimate on the 
epidemiological evidence on ETS and lung 
cancer or on the dosimetric evidence on exposure 
to relevant smoke constituents of ETS exposed 
nonsmokers and smokers. It is abundantly clear 
that the two methods of estimation give very 


different answers. Thus, while estimates based 
on retained particulate matter give tens of deaths 
and those based on nicotine or respirable 
suspended particulates give hundreds, the 
epidemiolbgically based estimates all give 
thousands of deaths. Which answer, if any, one 
accepts depends to a large extent on the faith' one 
places on the. different types of evidence. Wells 
(5), Kawachief al (6) and Repace and Lowrey (7) 
accept the epidemiology essentially at face value 
and pay little or no attention to its poor quality 
and very obvious weaknesses. They either ignore 
the dosimetric evidence (6), do not make it clear 
that it gives different answers and/or dismiss it 
as inconsistent with the epidemiology (i7');_ or 
invoke mechanisms to explain the discrepancy 
which are scientifically unappealing (5). It 
seems to this author that the epidemiological 
evidence is untrustworthy and that, between the 
two, the dosimetric evidence is preferable. Of 
course problems remain both in choosing the 
appropriate index of exposure to use and in 
selecting the appropriate dose response curve at 
low doses (with the possibility of a threshold), but 
it seems clear that this approach is better than one 
which leads to such implausibly nigh figures. 

When one restricts attention to lUng cancer, 
to never smokers and to ETS exposure from the 
spouse, one is at least operating in an area where 
the epidemiological evidence indicates an 
association. When one extends risk assessment 
to other diseases, to ex-smokers and to ETS 
exposure in the workplace one is stretching the 
limits of what is science. There essentially is no 
evidence on> possible effects of ETS in ex- 
smokers and little reason to expect that any 
effects, if they exist, wil] be the same as in never 
smokers. There is some evidence on ETS 
exposure in the workplace, but this shows no 
association at all with lUng cancer nsk. The 
epidemiological evidence on ETS in relation to 
deaths from causes other than lung cancer is 
unconvincing, and no scientific authority has 
claimed cause and effect. 
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Heart Disease 


5.1 Studies Providing Data . 

Eleven studies have provided information on the relationship of ETS to 
risk of cardiovascular disease. Seven of these arc prospective studies, 5 
conducted in the USA (Butler, Garland; Humble Hi, Sandler II, Svendsen), 
1 in Japan (Hirayama) and 1 in Scotland (Hole). Four are case-control 
studies, 2 in the USA (Martin, Palmer), 1 in China (He) and 1 in England 
(Lee). 

Three prospective studies which have reported results for lung cancer 
(Garfinkel I), total cancer (Reynolds) or all-cause mortality (Vanden- 
broucke) have not reported results for heart disease. While the numbers of 
deaths would not be substantial for the last 2 studies, the fact that the 
first, the American Cancer Society million person study, has not provided 
information is a wastage of resource. This study alone would certainly 
have had data on more deaths/cases than all the 11 published studies 
combined^ 


5:2 Features of the Studies Included 

It should be noted that very little information is available for 3 of the 11 
studies considered: the prospective study of Butler, and the case-control 
studies of Martin and Palmer for which the only published data consist of 
abstracts. 

The number of deaths/cases in some studies is very small. There are 4 
studies with extremely small numbers (Svendsen; 13; Garland; 19; Martin, 
23; He, 34), 4 with quite small numbers (Humble II, 76: Butler, 80; Bole, 
84; Lee, 118), and 1 (Palmer, 336 in ever smokers and never smokers 
combined) which, though of moderate size, has not presented findings in a 
form to allow proper evaluation. Considering the prevalence of heart dis- 
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case among never smokers - very much higher than from lung cancer - it is 
surprising that by now there are only 2 published studies for reporting 
results based on reasonably substantial numbers of deaths/cases (Hiraya- 
ma, 494; Sandler It, 1,358). 

Of the 7 prospective studies, 4 involved study subjects attending for 
an examination during which blbod pressure, cholesterol and body mass 
index were measured. It is unfortunate that neither of the 2 substantial 
studies collected information on these classical risk factors for heart dis¬ 
ease. The factors used by the authors for adjustment — occupation by 
Hirayama, and schooling, housing quality, and marital status by Sandler II 
- are not those which first occur as being most relevant in a study of heart 
disease. 

Some of the studies have problems regarding representativeness of the 
subjects. Thus, in both the Garland and Hole studies, about 20% of the 
population did not attend for examination, with a possibility of bias if 
failure to attend was associated both with ETS exposure and risk of death 
from heart disease. In the large Sandler II study, only deaths in Washing¬ 
ton County were recorded, again imparting a danger of bias if ETS is 
associated with the chance of migration out of the county. The Svendsen 
study was based on the well-known Multiple Risk Factor Intervention 
Trial, which involved people at very high risk of heart disease based on 
their smoking, blood pressure and cholesterol levels. Since the paper con¬ 
cerned never smokers, all the subjects involved most probably exhibited 
abnormally high blood pressure and/or cholesterol levels. The Butler study 
involved Seventh-Day Adventists, an atypical population with regard to 
many variables 

The 2 studies which provided data on by far the largest number of 
deaths are both open to criticism, as detailed in sections 2.2.2 (Hirayama) 
and 2.2.7 (Sandler 11), and also in section 4.2.1. It is interesting to note that 
both studies have published inconsistent results for women. In 1981, 
Hirayama presented results showing no association of heart disease with 
husband smoking, based on follow-up of his population to 1979. In 1984, 
he reported results which showed a significant association, based on foh 
low-up of his population to 1981. These results implied an implausibly 
strong relationship of heart disease to smoking by the husband when 
deaths occurring in 1979-81 were considered (a fact pointed out by Lee in 
correspondence in the Se w Zealand Medical Journal [26, 27]). As a result, 
Hirayama published revised figures for follow-up to 1979, indicating that 
the data published in 1981 were incorrect. 
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Hclsing ct a1. [40]land Sandler et al. [43] have both presented (in 
Table 4 of each paper) results for risk of arteriosclerotic heart disease in 
relation to ETS exposure. Based on identical numbers of deaths and stated 
adjustment factors, the reported relative risks and confidence limits for 
men were identical. Inexplicably, however, this was not the case for wom¬ 
en, where relative risks and confidence limits both varied. Given the rela¬ 
tively larger contribution of the Hirayama and Sandler II results to the 
overall number of heart disease cases studied^ suchdifferenccs in reported 
findings are rather disconcerting 


Results 

Table 5.1 summarizes results for exposure to ETS from the spouse or in the 

household. Before considering the findings, some points are worth not¬ 
ing: 

(i) As far as can be ascertained, allithe relative risks arc for never smok¬ 
ers. 

(ii) The index was based on smoking by the spouse in 7 studies (Butler, 
Garland; He, Hirayama, Humble II, Lee, Svendsen), only married 
women being considered, except perhaps in the Chinese study where 
single women were included with the wives of non-smoking husbands. 
In 2 studies (Martin, Palmer) the index used is not known. The Hole 
study compared people living at the same address as a study partici¬ 
pant who had ever smoked with people who lived at the same address 
as a study participant who had never smoked, with no other study 
participant at that address ever having smokedi The Sandler II study 
used a complex index of exposure, but for the results in Table 5.1 it 
amounted to a comparison of people living in the household where 
some adult had ever smoked with people in a household where no 
adult had ever smoked. 

(iii) When a study has presented different findings at different time points 
for apparently the same comparison, the later publication has been 
used, namely, Hirayama [23] and not his 1981 paper [2), and Sandler 
et al. [43] and not Hclsing et al [40] 

(iv) If the authors have presented adjusted relative risks these have nor¬ 
mally been given in Table 5:1. There are some exceptions. First, the 
relative risk of 14.9 by Garland et al. [38], adjusted for age, systolic 
blood pressure, total cholesterol, obesity index and years of marriage. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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Table 5.1 Heart disease risk in never smokers in relation to spouse/household smoking 


Study 

Sex 

Gases 


Relative nsk 
- <95% limits) 

Factors 3 
adjusted for 



U 

E 

Butler 

F 

20 

60 

1.05 (0 65-1.70) 


Garland 

F 

2 

17 

3.51 (0.80-15.3) 

None- 

He 

F 

9 

25 

1.50 

See text 

Hirayama 

Hole 

F 

118 

376 

1.15 (0.94-1.42) ' 

> 

o 

* 

Gallas et al. 

F 

2 

19 

3.56 (0.83-15.4) 

None’ 


M 

18 

14 

1.30(0.64-2.64) 

None 3 

Hok et al. 

M + F 

30 

54 

2.01 (1.21-3.35) 

Age. sex, class. BP. 
cholJ BMl 

HumMc 11 

F 

27 4 

49 

1.59 (0.99-2.57) 

Age. sex. BP. chol. 
BMl 

Lee 

F 

22 

55 

0.97 (0j56-1 .69) 

None 3 


M 

26 

15 

1.34(0.64^2.80) 

None 3 

Martin 

F 

— 23 

— 

26(1.2-5.7), 

None 3 

Palmer 

F 

_ 7 

— 

1.2 (significance 
unknown) 

Not known 

Sandler 11 

F 

437 

551 

1.19 (1.04-1.36) 

Age. schooling 


M 

248 

122 

1.31 (1.05-1.64) 

housing: mamall 

status 

Svendsen 

M 

8 

5 

2.23 (0.72-6.92) 

Age. BP, chol. wi. 
drinks, education 


U - Unexposed; E - exposed. 

* BP - blood pressure; chol - cholesterol; BMl - body mass index; wt - weight 
2 See text. 

* Adjustment for age had littlfe effect, and adjusted 95% limits could not be calculated 
4 Numbers of cases are approximate, based on age-adjusted rates. 


has not been used It would be incredibly unstable (estimated 95% 
limits, about 0.2-500), since it is probably impossible lo adjust prop¬ 
erly for multiple factors with so few deaths. Mantel [pers. common.] 
has also said that 14.9 was an ercor, the appropriate value being log* 
(14.9) or 2.71! 
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Secondly, unadjusted relative risks have been used for the individual ' 
sex results from the Hole study (published in Gillis et all [29]), since 
age standardization had very little effect and relative risks could only 
be properly calculated for the unadjusted data 
(v) The relative risk given in the He study [102], a case-control study in 
which there was matching on age, race, place of residence and occupa¬ 
tion, is adjusted for previous and family history of hypertension, 
family history of coronary heart disease, amount of exercise, history of 
drinking, and hypercholesterolemia. Confidence limits could not be 
calculated, but the relative risk was stated to be significant<p < 0*01), 
but this seems not to be true (see section 2:7.1). 

(vi:) The results presented in Table 5.1 for the Hirayama study are for 
ischaemic heart disease. Hirayama [20] notes that no significant rela¬ 
tionship was seen between spouse smoking and risk of ‘other heart 
disease' (undefined), based: on 680 deaths, or risk of hypertensive 
heart disease, based on 226 deaths. Relative risk estimates were not 
provided for these two disease categories. 

Table 5.1 provides 4 independent relative nsk estimates for men and 
10 for women, 13 of which are greater than 1, with 4 of them significant: 
both the male and female estimates for the Sandltr II study, and the female 
estimates for the He and Martin studies. Hole also showed a significantly 
increased relative risk when results for the sexes were combined. Although 
an overall estimate of relative risk (as for example calculated by Wells [7]) 
is probably of little meaning gi ven the extreme variability in study designs 
and populations involved, the data in this table - considered without 
regard to study design and a variety of other methodological problems - 
indicate a weak association between exposure to ETS from the spouse or in 
the household and risk of heart disease. 

Five of the M studies provided some information on risk of coronary 
heart disease and extent of exposure to ETS from the spouse or in the 
household (Table 5.2). The Hirayama and He studies both showed evi¬ 
dence of a dose-response relationship; with a significant (p < 0.05) trend 
and elevation in risk for women whose husbands smoked 20 or more cig¬ 
arettes a day. The Hole and Svendsen studies also showed the highest risk 
in the highest exposure group, though here numbers of deaths were small! 
and the trend statistic was not significant. In the large Sandler II study 
there was no evidence of a relationship of risk to ETS exposure in either 
sex, risk of heart disease being simi lar in those classified as exposed to light 
or heavy ETS exposure. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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Table 5.2 Heart disease risk in never smokers in relation to extent of spouse/household smoking 


Study 

Sex 

Exposure 

Cases 

Relative 

risk 

Factory 
adjusted for 

Hirsyama 

F 

Husband: 






never smoker 

118 

1.00 

Age of wife 



ex-smoker or current 






l-l 9 cigs/day 

240 

I. os 




current 2 (h cigs/day 

136 

1.30 


He 

F 

Husband: 


* 

Cases and 



never smoked during marriage 

9 

1,00 

controls 



smoked l-20ags>day 

1,2 

2.30 

matched for 



smoked 21 + cigVday 

13 

6.86 

age, race. 




i 


occupation, 






residence 

Hole 

F 

Household smoking 






none 

3 

LOO 

Age 



low 

14 

2.09 




high (cohabitant 15+ cigs/day) 

16 

4.12 


Sandler U 


Household exposure (icore): 





F 

0 (none) 

437 

1.00 

Age 



1-5 (tight) 

252 

1.20 

schooling, 



6+ (heavy) 

299 

1.27 

housing 


M 

0 (none) 

248 

1,00 

quality. 



1-5 (light) 

56 

1.39 

marital status 



6+ (heavy) 

66 

1.24 


Svendsen 

M 

Wife: 






did not smoke 

8 

1,00 

None 



smoked 1-19 cigs/day 

1 

0.90 




smoked 20+ cigs/day 

4 

3.21 



Information on heart disease in relation to other indices of HTS expo¬ 
sure is fairly sparse. In the Lee study, subjects were classified on a score 
ranging from 0 to 12 according to whether they considered they were 
exposed not at all (0), a little (1), average (2), or a lot (3—12), separately for 
at home, at work, during travel' and during leisure. No significant relation¬ 
ships were seen, relative risk estimates for scores 0-1, 2-4 and 5-12 being 
I, 0.43 and 0.43 in males (based on 30 deaths), and i, 0.59 and 0.81 in 
females (based on 36 deaths) 


2023512123 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 




190 


Environmental Tobacco Smoke and Mortality 


Table 5.3 EfTeevof adjustment for various factors on estimated relative risk of heart disease in never 

smokers according to spouse/household smoking 


Study 

Sex 

Adjustment factors 

Relative risk 
(95 S* limits)' 

Butieri 

F 

None 

1.36 (0.82-2:25)1 



Age 

1.05 (0.65-1.70) 

He 

F 

Matching factors (age, race, residence, 
occupation) only 

Matching factors, also previous and 
family history of hypertension, 
family history of CHD. exercise, 

3.52 (ik43-8.65) 



drinking, hypercholesterolaemia 

1.50 

Hirayama 

F 

None 

1.00 (0.'8l-U23) 



Age of wife 

1.15 (0:94-1.42) 



Age of husband 

1.15 (0,93-1 41) 



Age and occupation of husband 

1.16 (0.94-1.43) 

Hole 

F 

None 

3.56 (0.83-15.4) 

Gillis et al. 


Age 

3.25 


M 

None 

1.30 (0.64-2.64) 



Age 

1.29 

Hole ei at 

M*F 

Age 

1.75(1.10-2.83) 



Age, sex. social class. BP, chol, BMl 

2.01 (1.21-3.35) 

Humble ll 

F 

Age 

1.34 (0.84-2.21) 



Age, BP, chol! BMl 

1.59 (0.99-2.57) 

Lee 

F 

None 

0 97 (0.56-1.69) 



Age, marital status 

0.93 


M 

None 

1.34 (0 64-2.80) 



Age, marital status 

1.24 

Sandler 11 

F 

None 

0;66 (0,59-0.75) 



Age. housing quality, 
schooling, mantal status 

1.19(1.04-1.36) 


M 

None 

1.17 (0.95-1.46) 



Age, housing quality, 
schooling, marital status 

1.31 (1.05-1.64) 

Svendscn 

M 

None 

2:12 (0 69-6 46)1 



Age, BP, chol, wt, drinks/week, education 

2:23(0.72-6.92)1 

BMl - Body mass index; BP - blood pressure; chol - cholesterol: CHD 

1 - coronary heart 

disese; wt - weight 
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In the Svendsen study, a relative risk estimate, adjusted for age and 
wife’s smoking status, of 2.6 (p - 0.23; 95% limits, 0 j 5- 12.7) was derived 
when men whose co-workers smoked were compared with men whose co- 
workers did not. This result, and that in Table 5.1, was for coronary death. 
Svendsen also provided results for the end-point fatal or non-fatal coro¬ 
nary event. Here, relative risk estimates were derived for four categories 
(a) neither wife nor co-worker smoked, 1.0 (base); (b) co-worker smoked 
but not wife, 1.0; (c) wife smoked but not co-worker,-1'.2: (d) both wife and 
co-worker smoked, 1.7. 

No result was significant. In the study by Butler which, in the 
AHSMOG cohort, related heart disease risk to the number of years lived 
and the number of years worked with a smoker, some ‘suggestion’ or ‘in¬ 
dication* of an effect was reported in both sexes, but no. detailed results 
were reported. 

No other study provided information on other indices of exposure. In 
the study by He, relative risks of 1, 1.88, 3.07 and 5.49 were reported in 
relation to 0, I-10, I 1-20 and 21+ years of ETS exposure, and relative 
risks, of 1, 1.54, 2.30, 5.07 and 12.67 were reported in relanon to 0, 1-199, 
200-399, 400+599 and 600+ cigarette-years of smoking by the husband. 
Both trends were statistically significant (p < 0.01). 

Leaving aside the Garland study for reasons noted in subsection (iv) 
above, 7 studies provided some informationon the extent to which adjust¬ 
ment for various risk factors affected the estimates of heart disease risk in 
relation to spouse/household smoking. The results are summarized in> 
Table 5.3. 

Two main conclusions can be drawn from this tabl£. First, that in 
some studies age adjustment made a substantial difference to the relative 
risk. This effect, which would depend on the design of the study and on the 
frequency of smoking by age and sex in the country concerned, is evident 
in the Hirayama study and is also probably a contributor to the large asso¬ 
ciation reported in the Sandler II study. 

The second main conclusion is that there is no clear effect from addi¬ 
tional adjustment for the classical coronary risk factors. Thus, while the 
Hole, Humble II - and perhaps the Svendsen - studies showed some 
increase in relative risk after adjustment, the He study showed a substan- 
tial decrease. 

Some of the prospective studies cast more light on the possibility of 
confounding by various risk factors, since they present data comparing 
exposed and non-exposed women at the start of the study. The results are 


2023512124 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


192 


Environmental Tobacco Smoke and Mortality 


Table 5.4 Comparison of heart disease risk factors in ETS-exposed and non-ETS<x posed subjects 


Study, 

Sex 

Risk factor 

. 

Spo usc/househ old 
exposure 

no yes 

Signify 

cancc 

Sandler !i 

F 

School grade (12+) 

<%). 

33 8 

354 

p < 0.1 



Housing index (8-10) 

<*) 

83:3' 

81.1 

p < 0.01 


M 

School grade (12+) 

<%) 

38,0 

43.8 

p < 0.01 



Housing index (8-10) 

(*) 

83.8 

804 

p < 0 05 

Garland 

F 

Years of marriage 

Mean 

36.0 

34.2 

p < 0.1 



Systolic blood pressure 

Mean 

140 1 

138.2 

NS 



Obesity index 

Mean 

3.50 

3.43 

NS 



Plasma cholesterol 

Mean 

225.7 

226.7 

NS 

Svendsen 

M 

Diastolic blood pressure 

Mean 

103.1 

103:3 

NS 



Systolic blood pressure 

Mean 

150.8 

152.3 

NS 



Serum cholesterol 

Mean, 

264.4 

266.0 

NS 



HDL cholesterol 

Mean 

42.7 

43.4 

NS 



LDL cholesterol 

Mean 

167.1 

166:5 

NS 



Wright (lbs) 

Mean 

190.4 

194.6 

p < 0.05 



Drinks/ week 

Mean 

7.6 

9.7 

p < 0.01 



Education (years) 

Mean 

14,2 

138 

p - 0.05 



Income ($ 000) 

Mean 

22.3 

22,1 

NS 

HDL - High density lipoprotein; LDL - low density lipoprotein. 


summarized in Table 5.4. Significant differences were seen in respect of 
weight (ETS-exposed heavier), drinks per week (ETS-exposed drink more), 
housing index (ETS-exposed worse), and years of education (ETS-exposed 
more in Sandler II, less in Svendsen), but is not clear that these differences 
were large enough to cause substantial bias. The Chinese case-control study 
of He also reported differences in blood fat and apolipoprotein levels 
according to ETS exposure, but did not attempt to adjust for these in the 
analysis. 

One risk factor which might be relevant, but which was not investi¬ 
gated, was the number of cohabitants. In the Sandler II and Hole studies 
the index of ETS exposure seemed by its very construction to be correlated 
with the number of cohabitants. In particular, the Sandler II study would 
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Table 5i5 Efleci of other variables on estimated relative risk of heart disease in never smokers 

according to spouse smoking 


Study 

Sex 

Variable/} eve! 

Relative risk 1 

Factors 




(95* limits) 

adjusted for 

Hinyama 

F 

Age of wife: 

40—49 

0.87 (0.47-1.62) 

None 



50-59 

1.03 (0.72-1.46) 




60+ 

1.50 (0.98-1.73) 




Age of husband 

40—49 

1.34 (0 74-2.42) 

None 



50-59 

1.25 (0.81-1.92) 




60+ 

1.07(0.83-1.40) 




Occupation: 
agricultural worker 

1.32 (0.99-1.74) 

Age of husband 



other 

0 99 (0.72-1.35) 


Humble 11 

F 

Blacks 

1.78 (0 86-3.71) 

Age. BP, chol,, 



High social status Whites 

1.97(0.72-5:34). 

BMl 



Low social status Whites 

0.79 (0.32-1.96) 



BM1 - Body mass index; BP - blood pressure; chol - cholesterol; 

1 For wives whose husband smoked compared to those whose husband did not smoke. 


have included al! people living on their own in the non-exposed group, and 
both studies were very likely to include people living in homes with many 
occupants in the exposed group. Since household size may correlate with 
many facets of disease, it seems to be a statistical error not to adjust for it 
in analysis. 

Two studies provided some information on variation in relative risk 
according to the level of some risk factors. Results are summarized in 
Table 5.5, and show how the association with ETS exposure varies by age 
and occupation in the Hirayama study and by race and social' status in 
the Humble II study. Although the association with spouse smoking is 
evident only in agricultural workers in the Hirayama study and only in 
Blacks and high social status Whites in the Humble II study, there is in 
fact no significant heterogeneity between the relative risk estimates in 
either study. 
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5.4 Discussion and Conclusions 

Although lung cancer is a rare cause of death in those who have never 
smoked, heart disease is not, and it is much easier to conduct an ade-' 
quately large study for heart disease than for lung cancer. Yet there are far 
more studies of ETS and lung cancer than of ETS and heart disease. It is 
striking that so many of the latter studies are based on very small numbers 
of deaths or cases and/or have not been properly reported in the litera¬ 
ture. 

Only 2 studies are sufficiently large to pick up a moderate increase in 
risk as statistically significant, and neither is satisfactory . Both lack data on 
classical heart disease risk factors, such as blood pressure, choltsterol and 
body mass index, and both have a number of problems that have been 
referred to in detail earlier. Certainly, neither is a straightforward prospec¬ 
tive study conducted according to acceptable methodology, with collection 
of risk factor data at intervals and essentially complete follow-up of 
deaths. 

Apart from the generally unimpressive nature of the studies that have 
been conducted, the other circumstance that stands out is that 13 of the 14 
sex-specific estimates of relative risk of heart disease for spouse or house¬ 
hold exposure in Table 5.1 show a positive (though for the most pan not 
statistically significant) association. In considering this fact, a number of 
points have to be taken into account: 

(i) Active smokers have an increased risk of heart disease, as is clear from 
numerous epidemiological studies. However, the relative risk is much 
lower than it is for lung cancer. For example, the 1989 US Surgeon 
General's report [71] cites results from the latest American Cancer 
Society prospective study showing that, compared with never smok¬ 
ers, current smokers have relative risks of heart disease of 1.94 in 
males and 1.78 in females, as compared to relative risks of lung cancer 
of 22.36 in males and H.94 in females. 

Vapour phase components of cigarette smoke have been implicated in 
the aetiology of heart disease (rather than particulate phase compo¬ 
nents for lung cancer [1]), and the relative exposure of ETS-exposed 
non-smokers as compared with active smokers is substantially higher 
for vapour phase than for particulate phase components, but the low 
relative risks for heart disease for active smoking strongly suggest that 
if ETS does increase risk of heart disease this increase would be quite 
modest. The six estimates of over 1.5 in Table 5.1 seem difficult to 
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reconcile with the dosimetry, especially bearing in mind that active 
smokers have very substantial ETS exposure. 

(ii) Heart disease is certainly multi factorial, and many of the risk factors 
have not been taken into account in many of the studies. Confounding 
is therefore a possibility, particularly in the 2 studies (Hole, Sandler 
II), where the index of ETS exposure used was likely to be extremely 
strongly correlated with household size. Whilt the evidence discussed 
in Tables 5.3 and 5^4 does not dearly demonstrate important con- 
founding by blood pressure, cholesterol or body mass index it is rather 
limited and somewhat inconsistent. More evidence is clearly needed 
on this important potential source of bias. 

(iii) Bias due to misclassificaiion of active smoking status is likely to occur, 
but since the increase in risk in relation to active smoking is relatively 
so much less for heart disease than for lung cancer, the extent of the 
bias will be that much smaller. Since the bias is proportional to the 
excess risk (see section 3.4.9), its magnitude will be only 5-10% of that 
illustrated in typical situations for lung cancer. 

(iv) Publication bias is one major source of bias that can certainly not be 
excluded as relevant. There are two major reasons for believing this 
may be an important issue. First, there is a strong tendency in 
Table 5.1 for the large relative risk estimates to be based on very small' 
studies. From the 13 sex-specific estimates, the rank correlation is 
highly significantly (p < 0.05) negative. Who would bother to try to 
publish a paper showing no association based on very few deaths 0 
Secondly, certain studies that could publish findings have not done so. 

Of particular importance is the fact that the first American Cancer Society 
study of over a million men and women, which published results for ETS 
and lung cancer in 1:981, has never published results for ETS and heart 
disease. It is very' likely that no association was found. If this were so; it 
would have a very large effect on the results of any meta-analysis (or con¬ 
sequent estimate of heart disease deaths ‘due to ETS'). 

Mainly because of the problems caused by the strong likelihood of 
severe publication bias, it cannot be concluded from the existing evidence 
that ETS is associated with heart disease. The present author understands 
that the American Cancer Society intends to publish within the next year 
or so findings related to ETS based on its second large prospective study: It 
is hoped that results from its first prospective study will also be released. 
Until there is such evidence, and hopefully also evidence from other stud¬ 
ies involving substantial numbers of deaths from heart disease with good 
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control of confounding and with evidence on ETS exposure from sources 
other than the spouse or in the home, it is certainly premature to come to 
any conclusions. 


Note Added in Proof 

Since this section was completed, Dobson et al. [166] reported results from an Australian 
case-control study of myocardial infarction and sudden death. Among non-smokers there 
was no positive relationship of risk to ETS exposure at work in either sex. Nor was there a 
positive relationship of ETS exposure at home in males. In contrast, in femalts a signifi¬ 
cant positive relationship of risk was reported to ETS exposure at home. In this study, 
data on smoking habits were collected by completely different methods for cases and 
controls, the potential of bias being underlined by the wide variation in smoking fre¬ 
quency reported in controls according to how and where the data were collected. In 
addition, virtually no relevant confounding variables were taken into account. 
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Environmental Tobacco Smoke Exposure 
and Occupational Heart Disease 

Domingo Ml Aviado 


Ainwsphe.ru Health Sciences. Short Hills. New Jersey 0707# 


In 1991. the Occupational Safety and Health Administration (1) requested 
information on exposures and potential adverse health effects that may be 
associated with poor indoor air quality in the work environment, including 
information on exposure to environmental tobacco smoke (ETS). One re¬ 
view article, which focusedion heart disease and which was published prior 
to the agency's request, concluded as follows: “the combination of epide- 
miologicali studies with demonstration of physiological changes with expo¬ 
sure 10 ETS, together with biochemicalievidence that elements of ETS have 
significant adverse effects on the cardiovascular system, leads to the con¬ 
clusion that ETS causes heart disease" (2k Others, however, have expressed 
conflicting interpretations of human and animal studies on ETS. concluding 
that it has not been scientifically demonstrated that ETS exposure increases 
the risk of heart disease imnonsmokers (3.4). The ongoing debate should not 
only consider the claimed association between ETS work exposure and 
heart disease in particular, but also occupational 1 heart disease in general. 
The primary purpose of this chapter is to review the toxicological basis for 
identifying chemicali substances that may be associated w r ith heart disease 
in the workplace. 

At the outset, it should be emphasized that proof of an association be¬ 
tween ETS workplace exposure and heart disease is a complex process. 
Workers, such as garage attendants, may be exposed to one or more sub¬ 
stances (such as carbon monoxide) found both in ETS and mother sources, 
so the total exposure is the sum of two or more sources, for example, vehic¬ 
ular emissions. ambient air pollution, and ETS. The same group of workers 
may have varied personal habits that have been reported to> be associated 
with heart disease, such as consumption of cholesterol and fats and xanthine 
beverages at the employee's cafeteria, physical! inactivity otii the job, and 
job-related stress. Outside the workplace, there are additional potential risk 
factors for heart disease, such as lack of leisure lime exercise, dietary cook- 

455, 
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ing fat and salt content!. household exposure tocooking gas, gas heaters, and 
household solvents. Other major risk factors reported for heart disease in¬ 
clude the worker's familial history of heart disease, diabetes, hypertension, 
hyperlipidemia, and obesity. Any conclusion on a possible role of ETS in 
heart disease necessitates controlling for such risk factors. 


INVESTIGATIVE METHODS FOR INDUSTRIAL CHEMICALS 

Although there are over 300 potentially hazardous chemicals in the work¬ 
place, there are Itss than' three scores of industrial chemicals that have been 
suggested to'be associated withihearti disease such as ischemic heart disease, 
coronary atherosclerosis, and cardiac arrhythmia and cardiomyopathy. AT 
though heart disease is the leading cause of death in the United States, oc¬ 
cupational exposure to chemicals is considered Ifess prevalent and less irm 
pomant than risk factors in the diet, in the environment, and in familial or 
inherited susceptibility to cardiovascular diseases. 

Although it is relatively simple to establish a strong association between 
exposure to halogenated solvents andi cardiac arrhythmias, it is more com¬ 
plex to obtain supportive evidence as to whether chemicals play a major role 
in coronary ischemic heart disease and atherosclerosis. Occupational heart 
diseases can be grouped into three major categories. These can be sub¬ 
grouped according to the methodiof investigation, which may involve clinical 
studies, pathological observations, or experimentalianimal studies (Table 1): 

(a) 'ischemic heart disease (Methods A. B. and C). including mortality stud¬ 
ies. exercise testing for angina pectoris, and coronary bloodiflow indicators: 

(b) coronan atherosclerosis (Methods D, E, and F). demonstrable in pa¬ 
tients by angiography and histopathology. atherosclerosis in experimental 
animals, and in viirn studies of hematologic factors: and (c) cardiac arrhyth¬ 
mia'and myopathy (Methods G and H), both clinically and experimentally 
induced. The three groups of methods and eight subgroupings (A to H ) are 
carried over to consideration! of occupational heart disease associated with 
exposure to chemicals in the course of manufacturing and processing of in¬ 
dustrial products. The chemicals supposedly associated with occupational! 
heart diseases are listed in Table li under five classes: one inorganic and four 
organics. Each compound is identified by notations on investigative methods 
A to H. 


Inorganic Oxides and Metals 

Carbon monoxide is most! widely discussed as a major substance in the 
etiology of occupational heart disease. Workplace exposure to carbon mon¬ 
oxide is encountered when it is generated in manufacturing an industrial 
product. In the steel industry, carbon monoxide is produced in blasts furnace 
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TABLE 1. industrial chemicals reported to be associated with occupational heart disease 


Industrial chemicals 

ISchemic 

heart 

disease 

Coronary 

atherosclerosis 

Arrythmias 
and myopathy, 

Inorganics: oxides and metals 




Carbon monoxide' 

ABC 

DEF 

G H 

Carbon dioxide* 



G 

Nitrogen oxides' 



G 

Arsenic 

A 


H 

Cadmium* 

A 



Cobalt 

A 


H 

Lead 

A 

F 


Nitrogenous compounds 




Nicotine* 

A 



Aniline' 


F 


Catechol* 



G 

Dinitrotoluene 

A 



Ethylene glycol dimtrate 

A C 


G 

Hydrazine* 



G 

Hydrocyanic acid* 

C 


Hi 

Nitroglycerin 

A C 


G 

Pyridine* 



G 

2-Toluidine* 


F 


Polynuclear aromatic hydrocarbons 

A 



Benzo(a]pyrene* 


E 


712-Dimethyl (a,h) anthracene 


E 


3-Methylchotanthrene 


E 


Nonhalogenaied solvents 




Carbon disulfide* c 

ABC 

DE 

H 

Acetaldehyde* 



G 

Acetone* 



G 

Benzene* 



G 

Dimethyiamme' 



G 

Meth yiamme* 



G 

Phenol* 



G H 

Toluene* 



G 

Haiogenated solvents 




Methyl chloride* 



G H 

Methyl chloroform 



G H 

Methylene chloride 


F 

G H 

Tnchlorofiuoromelhane 



G H 


'Sidestream smoke (SSS) constituent 
c Metabolite carbonyl sulfide is ETS constituent. 

Method A, mortality studies; Method B: exercise teslmg and angina pectoris: Method G. 
coronary blood flow indicators; Method D, coronary angiography and histopathology : Method 
E. atherosclerosis in experimental animals: Method F, in vitro hematologic factors; Method 
G. irregular heartbeat; Method Hi experimentally induced cardiomyopathy. 
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smelling of iron ore. cast welding, and vehicular production. Operators of 
vehicles, parking attendants, tunnel workers, car emission inspectors, tool 
operators, and traffic police are constantly exposed to exhaust fumes and 
elevated levels of carhoxyhemoglobin in: such workers have been reported. 
All eight subgroups of methods have been applied to arrive at an extensive 
cardiac toxicologic profile of carbon monoxide (Methods A to H in Table 1 
The two other oxides and four heavy metals listed in Table I have been less 
thoroughly investigated. 

Among heavy metals reportedly associated with heart disease are arsenic, 
cadmium, cobalt, and lead The pathogenesis of heart disease potentially 
associated w ith workplace exposure may vary according to volatility of the 
metallic compound and its exposure levelL Cadmium has not been reported 
to influence the heart directly but may be related to hypertension, which 
may lead 1 to cardiac complications. Lead may influence the blood and! ulti¬ 
mately interfere with cardiac metabolism and function. Arsenic, cobalt, and 
lead are cellular poisons and there are experimental heart models to support, 
the occurrence of cardiomyopathy from these metals. Only cadmium has 
been detected! in tobacco leaf and tobacco smoke: traces of cadmium are 
derived from soiL 


Nitrogenous Compounds 

The ten examples in this group include the following: nicotine (an alka¬ 
loid). hydrocyanic acid, and raw, products for the manufacture of explosives 
such as ethylene glycol I dinitrate and nitroglycerin. The other six examples 
(aniline, catechol, diniirotoluene. hydrazine, pyridine. 2-toluidine) are nec¬ 
essary in the manufacture of pharmaceuticals, pesticides, and dyes. The car¬ 
diac toxicologic profiles for each of these compounds are not completely 
known and have been studied only by one. two. or three methods. The entry 
on nicotine refers to handling of tobacco leaf, such as cigar manufacturers, 
kiln dryers, and warehouse operators. 


Pohnuclear Aromatic Hydrocarbons (PAH) 

These are formed as a result of pyrolysis or incomplete combustion of 


organic materials. There are several hundred PAHs and only a dozen have 
been reported to be associated with skin tumors via skin painting in mice. 

Benzo|tfJpyrene is the most widely studied compound and only research seif 

enlists.are occupationally exposed to this single PAH. Workers potentially ro 

exposed to PAH mixtures include coke oven operators, creosote wood ap- 

plicalors. asphalt road pavers and roofers, aluminum smelters, and diesel 

engine operators. BenzoU;]pyrene and two other PAHs listed inTablb 1 have 


h* 

ro 

H- 

CJ 

4 * 
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been reported to be associated with atherosclerosis in an experimental 
model. There are no human studies relating to heart disease other than mor¬ 
tality statistics of workers exposed to PAH mixtures. 


Nonhalogenated Solvents 

Carbonidisulfide is a solvent used in the manufacture of viscose rayon, 
cellophane film, electronic vacuum tubes, sulfur-containing soil disinfec¬ 
tants. and carbon tetrachloride. This is the only solvent for which there are 
strong data on an association w ith ischemic heart disease in workers, as well 
as coronary atherosclerosis in experimental animals. The cardiac toxicologic 
profile is complete except for the lack of in vino studies on hematologic 
factors and cardiac susceptibility to arrhythmia. The seven other solvents 
have not been studied for occurrence of ischemic heart disease and coronary 
artherosclerosis. 


Halogenated Solvents 

The author and his colleagues have written monographs on the cardiotox- 
icity of chlorinated and fluorinated solvents <5-7); Four solvents are identi¬ 
fied in Table I from the original list, of more than 100 solvents that are con¬ 
sidered cardiotoxic. The four selected solvents, (methyl chloride, methyl 
chloroform, methylene chloride, and trichlorofluoromethane) are reported 
Jo cause fatallcardiac arrhythmia and sudden death in the course of acciden¬ 
tal industrial poisonings. Usually it cannot be proved whether cardiac arrest 
w as caused by a direct cardiac effect or the result of respiratory paralysis, 
and coma, since most halogenated solvents are not only cardiotoxic but also 
central nervous system depressants. Experimental animal studies have sup¬ 
ported the potential role of sublethal doses of solvents in cardiac arrhyth¬ 
mias and myopathies, independently of coronary vessels and central ner¬ 
vous system involvement. 


Miscellaneous Compounds 

Industrial chemicals potentially related to heart disease, but w'hich appear 
not to directly influence the heart, blood vessels, and circulating blood, are 
omitted from Table 1. Insecticides, including organophosphates. are report¬ 
edly associated with irregular heart rhythms because of their influence on 
the autonomic nervous system. Chronic obstructive lung disease associated 
with inorganic dust particles canicause cor pulmonale. Exposure to nephro- 
toxins. such as mercury and dyes, has been reported to lead to cardiac com¬ 
plications. including congestive heart failure. 


c 

ro 

co 

CA 

ro 


co 
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CONSTITUENTS OF ENVIRONMENTAL TOBACCO SMOKE 

Environmental tobacco smoke is a diluted and aged mixture of constitu¬ 
ents derived from either the burning end or cigarette butt: mainstream 
smoke inhaled from the filtered!on unfiltered tip: and sidestream smoke from 
the lighted end. Nonsmokers sharing a workroom with smoking workers 
may be exposed to ETS. Sidestream smoke is not inhaled directly by nom 
smokers but is diluted immediately by air in the workplace and continuously 
by air exchanges. The magnitudes of differences between concentrations of 
substances in mainstream smoke inhaled bv the smoker and ETS exposure 
of nonsmokers have been summarized in a National Research Council 
monograph (8). The ranges reported in the literature (parts per million or 
parts per billion) are as follows; 

Mainstream Smoke ETS 

Carbon monoxide 24„90CV57.4(K)'ppm 1-18.5 ppm 

Nicotine 430.000-1.080.000 ppb' 0.5-7,5 ppb 

BenzoHpyrene 5-11 ppb 0.0001-0:074 ppb 

The dilution factors for peak values are as follows: 3100 for carbon monox¬ 
ide. 144.000 for nicotine, and 148 for benzo[kr]pyrene. There is no uniform 
dilution for all three because of varied levels in mainstream smoke relative 
to sidestream smoke. The unpredictable fates of vapor components (e.g.. 
carbon monoxide) and particulates (e.g.. nicotine and benzoU/)byrene) are 
influenced by humidity, temperature, air movement, and adsorption by ma¬ 
chinery and furnishings in the workplace. 


Work Standards for Industrial Chemicals 

The minute levels of carbon monoxide in ETS. up to 3100 times less than 
the concentration in mainstream smoke, pose a critical!challenge to claims 
that ETS exposure can cause heart disease in nonsmokers. Proponents of 
the claimed association between ETS exposure and heart disease in general 
(occupational and nonoccupational) contend that three ETS constituents un¬ 
derlie this relationship: nicotine, carbon monoxide, and polynuclear aro¬ 
matic hydrocarbons. For completeness, there are 21 reported constituents 
of sidestream smoke that are also used as industrial chemicals, which are 
sometimes discussed as potentially associated with heart disease. These 
are the same 2ll industrial! chemicals listed in the firsl column, of Table 1 
that are manufactured, processed, or emitted in workplaces and are poten¬ 
tially associated with heart disease (marked with superscript a in first! 
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column. Table Ik Most halogenated solvents, heavy metals, and!polycyclic 
aromatic hydrocarbons have not been detected in ETS (no superscript in 
Table I), 

The list!of 21 sidestream smoke constituents inputed to ETS in Table 2 is 
a revision of the author's listing of suspected pulmonary carcinogens in ETS 
(9:10). Also listed in Table 2 are corresponding threshold limit values (TLVs) 
for various substances, defined as the recommended standards for 8-hr daily 
exposure for the prevention of occupational disease (1 IK Table 2 includes a 
column of target organs for acute or initial exposure, as well as for chronic 
on long-term'exposure. When TLV levels are exceeded, early and late signs 
of toxicity appear in skim mucosa, lungs, liver, kidneys, blood, blood ves¬ 
sels. and nervous systerm Manifestations of cardiotoxicity may occur either 
in acute lethal concentrations (more than! 20 times TLV) or repeated expo¬ 
sure to very high, but subiethal. concentrations (more than two to five times 
TLV. depending on the compoundK 


TABLE 2. Sidestream smoke (SSS) constituents with threshold limit values (TLV) 


Chemical name 

Acute 

chronic* 

Max SSS 
(mg cig) 

TLV 
(mg m 3 ) 

Cigarette 

equivalent, 

Nicotine 

MN 

8.2 

0.5 

6 6 

Carbon monoxide 

BN 

108 

55 

50 

Methyl chloride 

M'N 

0.88 

10.3 

1.170 

Cadmium 

M P 

0.0007 

0.01 

1,430 

Acetaldehyde 

M P 

1.26 

180 

1,430 

Nitrogen oxides 

M’N 

2.6 

50 

11.780 

Carbon dioxide 

N N 

440 

9000 

2.040 

Pyridine 

M H 

0.39 

16 

4.100 

Phenol 

M P 

0.25 

19 

7.600 

Hydrocyanic acid 

BN 

0.11 

11 

10.000 

Methylamine 

MN 

0.1 

13 

13.000 

Benzene 

N'B 

0.24 

32 

13.300 

Catechol 

D K 

0.14 

23 

16.500 

Aniline 

B'B 

0.011 

6 

44.000 

Dimethylamme 

MfHI 

0.036 

18 

50.000 

Carbonyl sulfide 

N'V 

0.0546 

30b 

54.945 

Hydrazine 

M H 

0.00009 

0.13 

145.000 

Acetone 

M'N 1 

1 

1780 

178.000 

Benzo|a]pyrene 

c 

0.00009 

0.2 

222.000 

2-Toluidine 

MB 

0.003 

9 

300.000 

Toluene 

N/B 

0.000035 

375 

1.000.000 


•Target organs: B, blood: D, dermal; H. hepatic: K. kidney: M. mucosal! N, nervous: P. 
pulmonary; V, vascular: 

^Metabolite of carbon disulfide with corresponding TLV used to calculate cigarette 


equivalent; 

c No TLV for benzo[a]pyrene; TLV for coal tar pitch volatiles used to calculate cigarette 
equivalent. 
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Cigarette Equivalents to Attain TLV 

The 21 sidestream smoke constituents with established workplace stan¬ 
dards are listed in the order of increasing number of cigarette equivalents, 
defined as the number of cigarettes burned in a sealed enclosure of 100'nT 
to attain, but not to exceed, the corresponding TLV (last column. Table 2). 
The list starts with nicotine, which is a reported mucosal irritant (acute ex¬ 
posure) and an autonomic nervous system^ stimulant (chronic or repeated 
exposure). The maximum reported sidestream smoke (SSS) collected from 
one burning cigarette is 8.2 mg. On the basis of TLV (0.5 mg%T), it would 
take 6.6 cigarettes to attain TLV for 100 m v in a sealed, unventilated enclo¬ 
sure (0.5 x 100 -h 8.2h It is unlikely for the nicotine concentration in public 
places to attain the TLV level. If smoking has been at an extremely high 
level in poorly ventilated rooms, subjective discomforts would be expected! 
to lead to corrective measures before nicotine levels, would approach the 
TLV. The second SSS constituent listed in the order of increasing cigarette 
equivalents is carbon monoxide: 50 cigarettes burning in a 100 m ; sealed! 
chamber to attain the corresponding TLV (112). 

Other than nicotine and carbommonoxide, the remaining 19 SSS constit¬ 
uents would require more than 1000 cigarettes to attain the corresponding 
TLV: Such excessively highicigarette equivalents suggest that to attain TLV 
levels, more than 1000 cigarettes need to be ignited simultaneously in an 
enclosed space of 100 m\ Consideration of cigarette equivalents clearly in¬ 
dicates that exposure to ETS constituents in workplaces rarely approximates 
TLVs. 


Nicotine as ETS Marker 

That nicotine and its major metabolite (cotinine) are delected in blood and 
urine of ETS-exposed nonsmokers has been utilized by proponents of the 
ETS-heart>disease hypothesis. Their reasoning is as follows: since nicotine 
is the major cause of heart disease seen in cigarette smokers, it follows that 
any nicotine derived from ETS can cause heart disease in exposed non- 
smokers . However, there is disagreement concerning whether any nicotine 
absorbed by nonsmokers can influence the heart. The estimates of ETS ex¬ 
posure are as follows: a nonsmoker's exposure might be. at most, the nico¬ 
tine equivalent of Vum to ‘/Wi cigarette in one hr. which has not been, re¬ 
ported to have a significant pharmacolbgic action. In animal experiments, 
inhalation, ingestion, parenteral injection. and dermal application of nicotine 
have been reported to influence cardiac function, coronary circulation, and 
atherogenesis. but these studies used amounts of nicotine that cannol be 
attained by ETS exposure. Furthermore, coronary atherosclerosis has not' 
been reproduced in experimental animals by injection of nicotine. High nic¬ 
otine levels of pipe smokers compared to cigarette smokers are not report- 
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edlv associated with an increased^ incidence of ischemic heart disease ( IB). 
Workers processing tobacco leaf (cigar making, leaf curing, and warehouse 
workers) also have not beem reported to show a higher incidence of heart 
disease, compared to nontobacco workers,* 14). 


Cardiac Toxicologic Profile of Industrial Chemicals 

The 21 chemicals listed in Table 2. w'hen individually used in factories 
below the corresponding TLV. have not been associated withi heart disease 
nor any adverse effect on corresponding target organs, that is. mucosal sur¬ 
faces. skin, blood, nervous system, lungs, kidneys, and liver (see second 
column of Table 2). The same 21 ETS constituents also appear in Table 1 of 
industrial chemicals, together with 11 industrial chemicals, not reported to 
be present in ETS As outlined in Table I. the existing methods for estab¬ 
lishing cardiac toxicologic profiles are as follow s: Methods A. B. and C for 
ischemic heart disease: Methods D; E. and F for coronary atherosclerosis: 
and Methods G and H for cardiac arrhythmia and myopathy. Most industrial 
chemicals have been studied by one or two methods, thus,contributing to an 
uncertainty of whether these 211 chemicals are related lo heart disease. 
Those that have been studied by three to eight methods have a stronger basis 
for claims of a relationship w ith occupational heart disease, namely, carbom 
monoxide, ethylene glycol dinitrate, nitroglycerin, carbon disulfide, and 
methylene chloride. There are review articles on industrial chemical^ re¬ 
portedly associated with heart disease (15-17). 

A principal objective of this chapter is to evaluate the potential, relation¬ 
ships between occupational!chemicals and heart disease, in terms of the ex¬ 
tent of the available data from human studies,and animallexperiments. There 
are review s on individual industriallchemicals and the occurrence of diseases 
not limited to the heart Oil. 18.19): A standard source of reference is the 
Registry for Toxic Effects of Chemical Substances available in hard copy 
(20) as well as on-line in the TOXNET database updated by the National 
Library of Medicine and National Institute of Occupational Safety and 
Health. Textbooks on internal!medicine and cardiology do not have special 
chapters devoted to occupational heart diseases so that it has been difficult 
to interest the medical profession. Because industrial chemicals are poten¬ 
tially associated with heart disease by the inhalational route, a W'orld Health 
Organization monograph entitled Air Qualify Guidelines for Europe (2 I) is a 
helpful reference source. It discusses the following industrial chemicals in a 
uniform format: inorganic oxides such as carbon monoxide and nitrogen, 
dioxide: heavy metals such as: arsenic, cadmium, and Ifead: polynuclear ar¬ 
omatic hydrocarbons such as benzofi/jpyrene: nonhalogenated solvents 
such as benzene, carbon disulfide, and toluene: and halogenated solvents 
such as methyl chloroform and methylene chloride. These II industrial 
chemicals identify those that have been measured indoors (workplace envi- 
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ronment) bui also emitted outdoors into: the environment. Ischemic heart 
disease is mentioned under carbon monoxide and carbon disulfide. 


ISCHEMIC HEART DISEASE 

Ischemic heart disease is represented: clinically b\ angina pectoris, myo¬ 
cardial infarction, cardiac arrhythmia, cardiogenic shock, andisuddfcn death. 
The epidemiologic and clinical literature on work-associated ischemic heart 
disease consists of the following: Method A, mortality statistics; Method B. 
exercise testing for anginallpain; and Method C. coronary blood flow indi¬ 
cators. The plan is to state how each method has been applied to the concept 
that ischemic heart disease is related to exposure to chemical substances in 
the manufacture of industrial products. Although ETS levels are unlikely to 
attain their corresponding TLV. it is important to discuss the existing clhim 
that the mere presence of these chemicals is sufficient to suggest an associ¬ 
ation between ETS and occupational heart disease. 


Method A: Mortality Studies 

There are scant data on heart disease in workers differentiated by expo¬ 
sure or nonexposure to ETS in the workplace. Most published studies relate 
to differences in spousal smoking habits, based on the premise that mortality 
rates of nonsmokers might be influenced by smoking habits of their spouses. 
In 1984. Schievelbein and Richter (22) reviewed the available literature and 
concluded that in concentrations of carbon monoxide and nicotine report¬ 
edly present in ETS. it is unlikely for ETS exposure to play any role in the 
development and progression of ischemic heam disease. The 1986 Reports 
of the Surgeon General and the National Research Council, after examining 
the available information, concluded that'further studies on the potential 
relationship between ETS exposure and cardiovascular disease are needed 
in order to determine whether ETS increases the risk of cardiovascular dis¬ 
ease in general, and of ischemic heart disease in particular (8.23k Recent 
epidemiologic studies were reviewed by Wexier (4U who questioned the re¬ 
ported relationship between household exposure to ETS and heart disease. 

Prospective (cohort) and retrospective (case control) studies have been 
conducted on the potential relationship between ETS exposure and 1HD in¬ 
cidence. Although some spousal studies (smoker married to nonsmoker) re¬ 
ports statistically significant association, most studies do not. Lee and his 
collaborators (24) conducted! studies in England consisting of administering 
a questionnaire to 200 hospital patients and!200 controls for each genden and 
age group. Patients with ischemic heart disease and controls did not show 
any statistically significant difference in ETS exposure based on smoking 
habits of spouses. Exposure to ETS w as also evaluated by am index of pres- 
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ence in the workplace, during travel, and at leisure. From the standpoint of 
worker ETS exposure, the negative results of Lee et al. (24) are more rele¬ 
vant than positive results of spousal studies that; do not include ETS expo¬ 
sure outside the home environment. 


Carbon Monoxide 

Heart disease mortality rates have been reported for workers exposed to 
high levels of carbon monoxide from vehicular emissions (tunnel! workers, 
bus drivers, parking attendants) and industrial furnaces (steellfoundrv. coke 
oveni chemical manufacture) (25.26). However, the results of occupational 
exposure to high levelkof carbon monoxide do not support the argument 
that this substance contributes to heart disease associated with ETS expo¬ 
sure. in which reported levels of the gas are a liny fraction of the TLV. 


Carbon DisulfidelCarbonyl Sulfide 

These two compounds are linked by the fact that the former is an indus¬ 
trial chemical reported to be associated with heart disease among workers 
producing viscose rayon fibers. This compound is metabolized to carbonyl 
sulfide, which happens to be a reported SSS constituent. The concentration 
of carbonyl sulfide is so low that it is unlikely to attain the TLV (Table 2: 
54.945 cigarettes to attain TLV). However, it is important to discuss mor¬ 
tality studies of ravon viscose workers, because other than carbon monox¬ 
ide. carbon disulfide is the only industrial chemical for which there are ex¬ 
tensive data on an association with ischemic heart disease. In a critical 
review of the toxicologic literature on carbon disulfide. Beauchamp et al. 
(27) reviewed data om the mortality rates of viscose rayon workers. In Fin¬ 
land. where there is a high incidence of ischemic heart disease, a signifi¬ 
cantly higher mortality rate has been reportediamong exposed workers com¬ 
pared to a control group. However, in Japan w here there is a notably lower 
incidence of ischemic heart disease, no increased mortality rate has been 
reported among viscose rayon workers. The excess deaths attributed to car¬ 
bon disulfide became apparent! if predisposing risk factors existed, such as 
hypertension' hyperlipidemia, and excessive intake of cholesterol and satu¬ 
rated fats (27,28)1 

The above observations are essential to consider in attempts to interpret 
mortality studies on ETS exposure. Dietary intakes of cholesterol and fatty 
food w'ere not considered as a confounding factor in mortality studies relat¬ 
ing to workers exposed to the industrial chemicals listed in Table 1 (with 
Method A notation). The reported higher susceptibility of Scandinavians to 
heart disease is reflected by the lower TLV (15 mg/mb compared to the TLV 
in other European countries and the United States (30 mg/nT) (18.19). 


ro 

o 

w 

& 

Cl 

h* 

w 

h* 

£» 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 



466 


ETS AND HEART DISEASE 


Polycyclic Aromatic Hydrocarbons (PAH) 

h has been suggested by proponents of the ETS-heart disease hypothesis 
that Scandinavian roofers show excess,mortality for ischemic heart disease 
(3). They extrapolate from PAH-exposed roofers to ETS-exposed workers 
without recognizing the difference in composition of PAH. Exposures to 
PAH: among coke oven workers, creosote wood appliers. and asphalt road 
builders have not been reported to be associated I with i excess mortality for 
heart disease but have been reported to be associated with excess mortality 
for lung cancer. From the standpoint of chemical composition of PAH ex¬ 
posures determined by nature of product. PAH exposures of roofers are ir¬ 
relevant to ETS exposure (see also Method F). 


Heavy Metals 

Mortality studies on work-related exposure have been reviewed by Kris- 
tensen (161. Lead and cadmium workers have been reported to show a higher 
mortality rate from heart! disease and hypertension. In the absence of ex¬ 
perimental 1 animal studies, heart disease is likely to be a complication of 
hypertension rather than a direct'effect of lead or cadmium omthe heart and 
coronary vessels. The suggestion that heart disease may be associated with 
workplace exposure to arsenic or cobalt can be traced to instances of beer 
drinking contaminated u'ith either of these metals, and subsequent, death 
from cardiomyopathy. 


Method B: Exercise Testing and Angina Pectoris 

Exercise testing is essential for the diagnosis of ischemic heart disease 
(29). A positive diagnosis is based on the appearance of chest pain or clas¬ 
sical angina pectoris after completion of standardized exercise on a treadmill! 
or bicycle ergometer. Exercise testing has also been used to evaluate sever¬ 
ity of arteriosclerotic heart disease based on time of onset of an ischemic 
pattern in the electrocardiogram as w'ell as the appearance of cardiac 
arrhythmias. 


ETS Exposure of Anginal Patients 

All available reports on exercise testing do not relate to specific occupa¬ 
tional groups comparing two subgroups: with ETS exposure and no ETS 
exposure. There are two studies on anginal patients that suggested to the 
investigators that ETS exposure during bicyclb ergometry may shorten the 
time period to onset of chest pain. The first study, reported in 1978. con¬ 
sisted of a group of ten American: male veterans (30). For various reasons. 
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the 1978 protocol for exercise testing was evaluated by an ad hoc committee 
of the Environmental Protection Agency: In 1983. the committee concluded 
that the method used on American male veterans.“did not meet a reasonable 
standard of scientific quality" (SI), ini1987. a; second study of exercise test¬ 
ing during ETS exposure was reported by Soviet investigators (32 k The re^ 
suits were essentially similar to those reportedTrom American veterans. It 
is this author's opinion that shortening onset of anginal pain during exercise 
testing as a result of ETS exposure has not been proved pending evaluation 
of the Soviet protocol. Anti-anginal drugs sold in the United States,are sup* 
ported by results of exercise testing ini European laboratories that have been 
approved by the U.S. Food and Drug Administration and so far. the list does 
not include any Soviet laboratories. 


Influence of Carbon Monoxide on Exercise Testing 

Proponents of the theory that ETS exposure aggravates angina pectoris 
emphasize the presence of carbon monoxide in ETS. in spite of the fact that 
the concentration inhalbd is 3100 times lower than mainstream smoke. Blood 
carboxyhemoglobin levels of subjects exposed to ETS in public places range 
from 1 to Wc among nonsmokers. Siighti elevations of blood carboxyhemo- 
glbbin Ikvei (to 2 and 3.9Cr) have beenireported follow ing administration of 
carbon monoxide in air (lOOiand 230 mg/fn ; ) (33). Exercise testing of heart 
disease patients was reported to result in an ischemic pattern of electrocar¬ 
diogram at these blood carboxyhemoglbbin levels. However, as indicated in 
Table 2. this would require more than 100 and 200 1 cigarettes burning in a 
sealed enclbsure of 100 m' for carbon monoxide to attain about 2 and 4 times 
the TLV. respectively. 


ETS Exposure as Risk Factor for Angina Pectoris 

Proponents of the claim that: ETS exposure aggravates angina pectoris 
have not considered the complexities of the disease separate from other 
manifestations or complications of ischemic heart disease (iie., acute myo¬ 
cardial infarction and sudden deaths). Although'prospective and retrospec¬ 
tive studies report that cigarette smoking is one of many risk factors for 
acute myocardial infarction and sudden deaths, the data on angina pectoris 
are even more complex. The 1983 report! of the Surgeon General on cardio¬ 
vascular disease, referring to risk factors, concluded that “variation in the 
strength of associat ion bet ween smokingand angina pectoris maybe influenced 
by . . . methodological considerations" (ref. 34. p. 70). More recently, it has 
been argued that the 30-year results of an ongoing prospective study at 
Framingham. Massachusetts, indicate that cigarette smoking is a negative 
risk factor in women (i.e., incidence low-er in women smokers compared to 
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women nonsmokers) (35k The results in men have indicated either a positive 
or no significant relationship bet ween cigarette smoking and angina pectoris, 
depending on methodological variation. Some studies relating to cardiac pa¬ 
tients admitted to hospitals report that after an initial cardiac episode, the 
prognosis is nor influenced by smoking (36137). After the initial infarction, 
prior smoking was not associated with the severity of subsequent complin 
cations. These observations on cigarette smoking in relation to the prognosis 
of myocardialinfarciion and the influence of angina pectoris raise additional 
questions. How can ETS. a dilute mixture of tobacco smoke components in 
air. aggravate angina pectoris or influence the prognosis of acute myocardial 
infarction, in light of recent inconsistencies in data derived from smokers? 


Method €: Coronary Blood Flow Indicators 

Coronary arteries visualized by angiography can show obstruction that is 
organic (arteriosclerosis and thrombosis) or nonorganic ('vasospasm) in na¬ 
ture. Total coronary blood flow is measured by a tracer clearance technique. 
Patients with ischemic hearti disease show a reduction in coronary blood 
flow that is limited to an infarcted area. When infarction is delected in work¬ 
ers previously exposed to carbom monoxide or carbon disulfide, it is not 
possible to isolate the potential association with chemical exposure from 
other potentially confounding risk factors. Carbon monoxide alone, by in¬ 
creasing carboxyhemogiobin. cam increase coronary blood flow , but the re¬ 
sult would be an oversupply of blood without reduced oxygen utilizationi 
because of poisoning oxidative enzymes. Myocardial metabolism requires 
the sampling of blood from the coronary sinus and a systemic artery to ob¬ 
tain arteriovenous differences of oxygen, carbon dioxide, lipoproteins, and 
glucose metabolites. There are more direct' methods for measuring coronary 
blood flow in experimental animate (dog. cat. pig. monkey). The relative 
importance of metabolic and neurohumoral control has been evaluated in 
experimental animals [see reference cited by Bove (38)). It has not been 
possible to reproduce coronary heart disease by exposure to tobacco smoke, 
which contains nicotine levels higher than ETS. so it is doubtful that existing 
animal models can give positive results from ETS exposure. 

Nitroglycerin and organic nitrates are useful vasodilators for the relief of 
angina pectoris. The pharmacologic actiomof nitroglycerin is manifested! in 
workers W'hoare exposed daily to nitroglycerin and ethylene glycol dinitraie, 
but after a weekend of nonexposure, developches! pain on Mondaymorn¬ 
ing. Workers suffer from vasospastic angina as a result of nitrate withdrawal 
during the weekend and are relieved upon resuming nitrate work exposure. 
Autopsied workers did not show' coronary arterial obstruction, confirming 
the occurrence of vasospastic angina brought about by weekend w ithdraw al 
from nitrate. Workers were acclimatized to the nitrate level in work environ¬ 
ment ('114-161. 
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CORONARY ATHEROSCLEROSIS 

The term coronary atherosclerosis used in this chapter refers to histo¬ 
pathologic changes in arteries leading \o ischemic heart disease {see preced* 
ing section). Although both terms are included ini coronary-. heart disease . 
there are differences in methodology. This section is devoted to progressive 
organic lesions of coronary arteries, the methods for detectiom and their 
evolution, based on human observations and animal experimentation. The 
focus is on industrial exposure to carbon disulfide and carbon monoxide, 
because of the relatively greater amounts of data on these substances. The 
potential relevance of these industrial chemicals to ETS exposure is also 
discussed. 

The demonstration of coronary atherosclerosis,ideally should include his¬ 
topathologic evidence derived from autopsy (Method D). This has been ac^ 
complished for worker exposure to carbon disulfide, which has been sup¬ 
ported by the occurrence of hyperlipidemia in exposed workers and 
coronary atherosclerosis in experimental animals (Method'E). On the other 
hand' some industrial chemicals are associated With the development of cor¬ 
onary atherosclerosis based on animal experiments only or on hematolbgic 
changes in workers that in animals contribute to aortic atherogenesis (see 
entries in Table 11. Some of these observations have been used to support 
the claim that ETS exposure is involved in coronary atherosclerosis. A dis¬ 
tinction is made between concepts derived fromihuman studies (Method D). 
animal experiments (Method! E). and in vitro techniques ( Method! Fl. 


Method D: Coronary Angiography and Histopathology 

The most direct method for diagnosis of coronary atherosclerosis is by 
histopathologic examination and coronary angiogram. Although there are 
isolated reports that workers exposed to carbon monoxide suffer from in¬ 
creased coronary atherosclerosis (antemortem on postmortem), this expo¬ 
sure is confounded by competing risk factors such as personal habits, famil- 
ial I history. and environmental! pollution. Among viscose rayon workers, the 
occurrence of coronary atherosclerosis reported at autopsy of workers dying 
of heart disease led to mortality studies (Method A). Workers are also re¬ 
ported to suffer from hyperlipidemia, which is not entirely, due to carbon 
disulfide exposure. It is difficult to replicate earlier studies on workers using 
modern techniques of diagnosing coronary atherosclerosis, because expo¬ 
sure levels have come under strict regulation. 

There are no case reports of coronary atherosclerosis in workers exposed 
to a single polynuclear aromatic amine because workplace exposure is to 
mixtures that include benzolr/]pyrene. Only research laboratory workers in¬ 
vestigating benzo|«]pyrene are candidates for long-term exposure, and so 
far there has been no report of a higher incidence of heart disease. There are 
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also no case reports of coronary atherosclerosis from prolonged exposure to 
the heavy metals and nitrogenous compounds listed in Table 1. 


Method E: Coronary Atherosclerosis in Experimental Animals 

Repeated attempts to indbce coronary atherosclerosis in experimental am 
imals bv inhalation of cigarette smoke have failed. Additional feeding with 
a cholesterol-enriched diet has reportedly led to the development of athero¬ 
sclerosis not! involving coronary arteries. In baboons, after 2-3 years of oral 
feeding of cholesterol and saturated fat. and daily inhalation of cigarette 
smoke, arterial lesions were compared between smokers and control^. 
Among male baboons, the extent of carotid atherosclerosis was greater in 
smokers than in controls, but there were no significant differences in athero¬ 
sclerosis of the aorta, coronary arteries, iliac-femoral, and bronchial arter¬ 
ies. Among female baboons.,there were no significant differences in athero¬ 
sclerosis between smokers and controls (39):. 

The same general remarks apply to experimental testing of carbon mon¬ 
oxide in levels far exceeding those reported for ETS exposure. Rabbits, pi¬ 
geons. and chickens are reported to need supplementary feeding of choles¬ 
terol to show carbon monoxide-induced aortic atherosclerosis (40). 

Carbon disulfide is the only industrial chemicalireported to cause athero¬ 
sclerosis in animals w ithout supplemental cholesterol feeding. Coronary and 
aortic atherosclerosis and myocardial lesions were delected in rats after 4 
months of inhalation exposure (28). There w ere elevations of serum choles¬ 
terol, phospholipid. and triglycerides, indicating similarity to the human 
form of atherosclerosis. Other investigators have tested carbon monoxide 
and benzoMpyrene and have not observed hyperlipidemia and atheroscle¬ 
rosis similar to those reported for carbon disulfide. In the past, research on 
carbon monoxide, benzola]pyren.e. and other polynuclear aromatic hydro¬ 
carbons has not been directed to a comparison with carbon disulfide. 

Polynuclear aromatic hydrocarbons have been reported to induce aortic 
atherosclerosis in pigeons and chickens (41-44). It has been speculated that 
these studies in birds relate to human subjects exposed to ETS (2). There 
are several reasons for the inapplicability of results of these bird experiments 
to coronary atherosclerosis; (a): 7.12-dimethylbenzo(«,/j)anthracene and 3- 
methycholanthrene are not known! to be present in ETS: (b) although 
benzolHpyrene is reportedly present in ETS. the dose administered. 50 mg/ 
kg injection, is farfetched compared to concentration levels in SSS. which 
is 0.00009 mg/cigarette; (c) hepatic metabolism is essentiallfor atherogenesis 
in one strain, but not in the other strain, a sequence that applies to oral or 
injected compounds but not to the inhalation route: and (d) the typical result 
is aortic atherosclerosis and!rarely coronary atherosclerosis. Aortic athero¬ 
sclerosis is different from coronary atherosclerosis because of myocardial 
extravascular support in the latter. There are intracardiac mechanisms that 
influence coronary circulation, which are absent in other arterial beds. 
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There are long-term animal experiments designed to study carcinogenicity 
or polynuclear aromatic hydrocarbons and. so far. coronary atherosclerosis 
has not been reported in sacrificed animals. 


Method F: In Vitro Studies of Hematologic Factors 

Hematologic factors include alterations in hemoglobin oxygen transport' 
such as carbon monoxide and methylene chloride increasing carboxyhemo- 
globin: and aniline and 2-toluidine leading to methemoglobinemia. The ulti¬ 
mate consequence is a reduced supply of oxygen and presumably athero¬ 
sclerosis resulting from carbon monoxide. However, prolonged testing with 
methylene chloride or aniline has not been reported to produce experimental 
atherosclerosis, suggesting that these two industrial chemicals reduce hemo- 
globimoxygen transport differently from carbon monoxide. 

Several techniques have been developed'for the specific purpose of dis¬ 
covering therapeutic agents for the prevention^ suppression, and reversal of 
atherosclerosis. Drugs for influencing blood platelets* blood lipoprotein lev¬ 
els. and endothelial vulnerability evolved from application of in vitro testing 
of blood derivedfrom patients with ischemic heart disease, as well as pe¬ 
ripheral vascular diseases. The same techniques for identifying therapeutic 
agents have also been applied to investigating how carbon monoxide and 
ETS might play a role in atherosclerosis. The interpretation of results de¬ 
rived from one test has been extended to include the entire progression of 
atherosclerosis even though the test was intended to show a therapeutic, 
rather than toxic, effect of chemical agents. 

In vitro tests have been applied to blood from ETS-exposed subjects, 
based on the assumption that any reported effect will contribute to coronary 
atherosclerosis. It should be pointed! out that chemically induced platelet 
aggregation leads to vascular clot formation, which does not necessarily in¬ 
volve interaction with endothelial cells and the formation of atherosclerotic 
plaque. Also, in the laboratory, it has not beeni possible to initiate aortic 
plaque formation by exceeding the normal level of fibrinogen. Any reported 
increase in fibrinogen level in the blood of ETS-exposed subjects may not 
be relevant to a potential relationship with coronary atherogenesis. It is con¬ 
ceivable that, for some people, ETS exposure may be perceived as stressful, 
with release of catecholamines, and that catecholamines are responsible for 
in vitro Jesting results. It has not been possible to conduct a double-blind 
testing of ETS exposure since both, investigator and subject can detect ETS 
presence. 


Platelet Aggregation 

Exposure of healthy nonsmokers to ETS is alleged to alien results of in 
vitro testing of platelets in platelet-richi plasma. Aggregation of platelets is 
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tested by the following agents added in vitro: edetic acid and formaldehyde 
or prostaglandin. The possibility that ETS exposure increases plateleraggre^ 
gation is alleged to be an important step in the evolution of coronary athero¬ 
sclerosis in nonsmokers (2). 

In vitro studies of platelet aggregation in blood derivedTrom smokers have 
reported inconsistent results, which question the applicability of this method 
to ETS exposure in nonsmokers. Platelet aggregation testing using whole 
blood reported no statistically significant differences between nonsmokers 
and smokers (451. Cigarette smoking is reportedly associated with altera¬ 
tions in platelet factors involved in thrombus.formation, but the change has 
been attributed to the presence of carbon monoxide levels higher than those 
reported in subjects exposed to ETS (46). In vitro testing does not necessar¬ 
ily reflect events in vivo. Although platelets may be activated ■in vivo , the\ 
become attached to erythrocytes or form platelet aggregates during the col¬ 
lection! and centrifugation needed to make platelet-rich plasma. There is 
some evidence that activated platelets are lost from supernatant “platelet- 
richiplasma/* which includes older or less active platelets, 


Plasma Fibrinogen Levels 

Another in vitro test for a cloning factor has been added to the list of 
reports supporting the ETS-heart disease hypothesis. Patients with isch¬ 
emic heart disease were questioned about their smoking habits, and non- 
smokers; were queried for ETS exposure in the workplace and household. 
Control subjects were derived from the same community in Australia (47). 
It was reported that the collected blood samples showed higher fibrinogen 
concentrations among current smokers than nonsmokers. Subjects exposed! 
to ETS had higher levels thanthose nor exposed. The differences were not 
stat istically significant because of the high variability of measured fibrinogen 
levels. According to the questionnaire responses, levels of ETS exposure at 
work were reported to be higher than at home, but the estimated odds ratio 
for heart disease was; less than one The investigators interpreted their re¬ 
sults to indicate inaccurate reporting of ETS exposure or the possibility that 
household exposure to ETS is associated more with heart disease than is 
workplace exposure. The potential relevance of fibrinogen levels in relation 
to ETS exposure is further questioned by observations that psychosocial 
factors may influence the plasma fibrinogen concentration in patienis with 
ischemic heart disease (48). 


CARDIAC ARRHYTHMIA AND MYOPATHY 

The third and last group of methods for establishing cardiac toxicologic 
profiles for industrial chemicals relates to alterations in cardiac function. 
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The methods are intended to detect irregularities,in heart: beat or rhythm, to 
measure excitability of the intact heart, and to record 1 electrical properties 
of excised atrium and papillary muscle. Cardiac output, is measured by the 
tracer dilution technique and ventricular imaging in patients: invasive pro¬ 
cedures are required for application of the Fick principle in patients and 
insertion of blood flov, recorders ^experimental animals, Perfusion of the 
excised heart offers an opportunity of measuring myocardial contractility 
and metabolism. Enzymatic studies and electron microscopy complete the 
techniques for detecting cardiomyopathy. All these procedures have been 
applied to determine the occurrence and mechanism for two groups of dis¬ 
eases: irregular heart beat or arrhythmia, and cardiomyopathy. 


Method G: Irregular Heart Beat 

Industrial chemical poisoning can be manifested by irregularities of heart 
beat or cardiac arrhythmia, in the order of increasing severity: ranging from 
tachycardia:or bradycardia, atrioventricular block, atrial or ventricular ex- 
trasystole. atrial fibrillation, to ventricular fibrillation and cardiac arrest. 
The benign forms (up to atrial fibrillation) are reversible bv stopping chem¬ 
ical exposure, but ventricular fibrillation and cardiac arrest require heroic 
efforts. Poisonings characterized by cardiac arrhythmias have been reported 
for the following (see Table 1. Method G): most! halogenated and nonhalo* 
genated solvents. some nitrogenous compounds, one heavy metal (leadh and 
one oxide (carbon monoxide). The arrhythmia results from a direct action 
of the chemical on the heart, specifically by altering excitability, conduction, 
and refractoriness of one or more of the following: atrial muscle, atrioven¬ 
tricular node, conducting system, and ventricular muscle. The effects have 
been reported in appropriate human studies and animal experimentation. 
The occurrence of poisoning by industrial chemicals does not support the 
proposition that since the same chemicals may be reported at minute levels 
in ETS. then ETS also may lead to the develbpment of heart disease in 
workers. 


Method H: Experimentally Induced Cardiomyopathy 

The most extreme example of unjustified application of results from ani¬ 
mal experiments to ETS exposure of nonsmokers is as follows: in the course 
of attempting to determine whether long-term cigarette smoking leads to 
cardiomyopathy, rabbits were exposed in an infant incubator (49k It was 
reported that all the smoke fromthree burning cigarettes entered the inlet of 
the incubator through a mechanical device and rabbits were kept for 30 min. 
This description appears to this author as a sealed chamber with cigarette 
smoke entering the inlet for 30-min periods. Several groups of rabbits were 
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sacrificed: controls, after one 30-min exposure, twice daily exposure for 2 
weeks, and twice daily exposure for 8 weeks. The heart was studied for 
mitochondriall oxidative processes. There was a decrease in respiration as 
well as in phosphorylation rate that was interpreted by the investigators as 
cardiomyopathy. The investigators recognized that carbon monoxide in the 
incubator was probably responsible for metabolic changes but they did not 
monitor air or blood levels. 

Hugod and collaborators (50-52) exposed rabbits to one of the following 
mixtures: carbon monoxide 220 mg/m 1 or four times TLV: carbonyl sulfide 
130 mg/m 1 or five times TLV: nitric oxide 6 mg/m 1 or one-fifth the TLV. The 
rabbits uere in air-tight exposure chambers containing ffeelv flowing air or 
predetermined: mixtures in air for periods ranging from 1 to 7 weeks. The 
results of 140 rabbits sacrificed for electron microscopic examination per¬ 
formed blindly showed no morphological signs of myocardial damage. The 
four vapor constituents, in levels far exceeding ETS levels, were not asso¬ 
ciated with ultrastructural changes in rabbit heart, signifying the absence of 
cardiomyopathy. 

The rabbit exposure studies described: above were extended to include 
biochemical and histomorphoiogic investigation of atherosclerosis. Expo¬ 
sure to each of the four gas-air, mixtures was not related to intimal damage 
of the aorta and coronary arteries. The negative results noted for carbonyll 
sulfide exposed rabbits do not support the claim that this known metabolite 
for carbon disulfide is responsible for coronary atherosclerosis reported by 
other investigators. 

Cardiomyopathy has been reported following exposure to halbgenated sol¬ 
vents. based on case reports of poisoning and experimentallstudies on intact 
and perfused heart. Cardiomyopathy from heavy metals is described in case 
reports of individuals drinking beer from containers that leached: arsenic, 
cadmium, or lead (16): Cardiomyopathy from hydrocyanic acid:is also based 
on case reports of poisoning and is readily supported by biochemical studies 
of heart muscle. Carbon monoxide is probably the most frequently encoun¬ 
tered industrial and household chemical associated with death by cardio¬ 
myopathy. History of exposure to vehicular emissions or household natural 
gas is verifiable by blood analysis for carboxyhemoglobin. Among nonhal- 
ogenated solvents, only phenol has been reportedly related to cardiomyop¬ 
athy ( 16 k 


CONCLUDING REMARKS 

Among more than 32 industrial chemicals potentially related to heart dis¬ 
ease. only four substances or chemical classes have extensive supportive 
evidence: carbon monoxide, carbon disulfide, ethylene glycol dinitrate and 
organic nitrates, and methylene chlbride and halbgenated solvents. The ef- 
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fects of other industrial chemicals (oxides, nonhalogenated solvents, nitro¬ 
genous compounds, and heavy metals) have not been adequately supported 
by human studies and animal experiments. 

Methylene chloride is a solvent prototype for industrial chemicals that! 
may be related to cardiac arrhythmia and myopathy in lethal or sublethal 
levels. Carbon disulfide is a selected prototype for industriallchemicals that 
may be related to ischemic heart disease or coronary atherosclerosis. There 
are no data indicating whether prolonged exposure to low levels of methyl¬ 
ene chloride is associated withiischemic heart disease or whether high levelfe 
of carbon disulfide are associated with cardiac arrhythmia and myopathy. 
Methods to establish a cardiac toxicologic profile applied to one prototype 
need to be applied to the other. 

The cardiac toxicologic profile for carbon disulfide is as.follows: (A) mor¬ 
tality studies of viscose rayon workers report excess ischemic heart disease 
deaths, provided predisposing or other risk factors are present: (B) there is 
a high incidence of angina pectoris reported in workers exposed to carbon 
disulfide: (C) there is a reduction in coronary blood flow reported in workers 
developing ischemic heart disease, but there are no published results of myo¬ 
cardial tracer clearance studies: (D) coronary angiogram and postmortem 
histopathologic studies report coronary atherosclerosis associated with car¬ 
bon disulfide exposure: (E) coronary atherosclerosis developed in expert 
mental animals exposed to carbon disulfide, with or without dietary choles¬ 
terol supplement. There is no information for (Flih,vitro hematologic factors 
and (G) cardiac arrhythmia: (H)i experimental cardiomyopathy was report¬ 
edly not detected by electron microscopy in animals exposed to five times 
TLV for carbon disulfide. 

The cardiac toxicologic profiles for carbom disulfide and ETS are comt 
pared in Table 3. There are no comparative studies on workers with and 
without ETS exposures. The theory that ETS causes ischemic heart disease 
is based on inferences from the following: (A) epidemiologic studies of 
household exposures reported for nonsmoking spouses of smokers: (B) ex¬ 
ercise studies of anginal patients w'ith ETS exposure, but questionable pro¬ 
tocol: (C) coronary blood flow- assumed to be insufficient because carbon 
monoxide present in ETS; (D) coronary atherosclerosis assumed to occur 
because aortic atherosclerosis reported in animals exposed to carbon mon¬ 
oxide at considerably higher levels than ETS: (E) coronary, atherosclerosis 
supposedly occurs because benzo[tf]pyrene reportedly associated with ath¬ 
erosclerosis in cholesterol-fed birds; (F Yin vitro testing for platelet aggrega¬ 
tion and reduced fibrinogen level, suggesting atheromatous plaque forma¬ 
tion: (G) cardiac arrhythmia postulated based on ventricular excitability 
studies of animals exposed to carbon monoxide; and (H) cardiomyopathy 
inferred from rabbit heart mitochondrial studies. 

Jl is the opinion of this author that the available studies do not support a 
judgment that ETS exposure is associated with any form of occupation-re- 
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TABLE 3. Cardiac toxicologic profile tor carbon disulfide and 
environmental tobacco smoke 


Method 

Carbon disulfide 

Environmental tobacco 
smoke (ETS) 

Ischemic heart disease 

A Mortality studies 

Excess ischemic heart disease 

No information on workers 

deaths among rayon viscose 

exposed to ETS 

B Exercise testing 

workers provided 
predisposing factors present 
Higher incidence of angina in 

Anginal patients have 

and angina 

rayon viscose workers; 

shorter time to pain 

pectoris 

exercise testing protocol 

onset when exposed to 


must meet U.S agency 

ETS; cigarette smoking 


standards 

questionable risk factor 

C Coronary blood flow 

Reduced coronary blood flow in 

in angina patients 

indicators 

patients with ischemic heart 



disease 


Coronary atherosclerosis 

D. Coronary 

angiography and 

histopathology 



E Atherosclerosis in 

Coronary atherosclerosis in rats 

Polynuclear aromatic 

experimental 

without cholesterol Heeding 

amines causing aortic 

animals 


atherosclerosis in 

F. In vitro hematologic 

NO information 

cholesterol-fed birds 
Platelet aggregation. 

factors 


endothelial celldamage 

Cardiac arrythmia and myopathy 

and reduced fibrinogen i 
level 

G. Irregular heart beat 

No information 

Ventricle excitability studies 

HI Experimentally 

No ultrastructural changes in 

of animals exposed to 
carbon monoxide 

Heart mitochondria studies 

induced 

rabbit heart 

from rabbits exposed to 

cardiomyopathy 


ETiS 


lated heart disease. Although ETS reportedly contains constituents that: 
have been associated with occupational heart disease, the concentrations are 
so low that it is unlikely for any substance to attain the corresponding TLV 
in a work environment. 

Carbon disulfide can be used as a reference model for testing w hether an 
industrial chemical can be considered as an etiologic factor in ischemic heart 
disease and coronary atherosclerosis. The most comprehensive and critical 
review of carbon disulfide has been written by members of the Chemical 
Industry Institute of Toxicology. The theory that ETS exposure causes heart 
disease was recently summarized by university scientists who have dis¬ 
missed valid criticisms as industry-supported. All research results, including 
industry-funded sources, should be used in evaluating the role of ETS im 
heart disease. 
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PASSIVE SMOKING AND CORONARY 
ARTERY DISEASE. BIOLOGICAL 
PLAUSIBILITY AND SEVERITY OF 
EFFECT 


G. Cr£pat 

Institut Universitaire de Technologie, University of Dijon, BP 510, 21014 

Dijon C6dex, France 


ABSTRACT 

A number of small pieces of incriminating evidence, apparently pointing in 
the same direction, do not necessarily prove a crime. Therefore, before 
reviewing the various mechanisms suggested to incriminate ETS in CHD 
incidence, a brief reminder of what is actually well known about the 
atherosclerosis process is necessary. We shall stress what progress has been 
made over the last decade and what risk factors are now being considered. The 
role of active smoking, which has long been set in evidence by epidemiologic 
studies, is now fairly well understood scientifically. The mechanisms of 
cardio-vascular attack are triggered by two primary stimuli: nicotine and 
carbon monoxide. Induced effects on cathecholismines, platelets, 
carboxyhemoglobin, fibrinogen; lipoprotein metabolism, etc... help 
understand their incidence on CHDi Everything however, is not altogether 
clear nor consistent. Concerning ETS, the ten epidemiologic studies 
investigating its association with heart disease mortality, produce mean RR 
values ranging from 1.2 to 1.4 in both sexes (Glhntz). This fact and 
corresponding criticisms will not be dealt with here. We shall however 
concentrate on a detailed study of the mechanisms suggested to explain the 
effects of passive smoking and compare them with those of active smoking. If 
ETS brings into an exposed non-smoker's blood such primary stimuli as 
nicotine, CO, benrene, PAH allow the biological plausibility of CHD attack, 
but careful consideration of their mode of action and magnitude cannot, as far 
as is known, incriminate ETS as the third cause of mortality (Wells). 


INTRODUCTION 

There are now 10 epidemiological studies [1-10] on the relationship 
between exposure to environmental tobacco smoke (ETS) in the home and the 
risk of coronary heart disease (CHD) (table 1). Most of these studies have 
reported relative risks greater than 1.0. 
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Author 

Type 

Total 

eases 

Relative 

risk 

95% 

confidence 

interval 

Country 


Hirayama (1984) 

P 

494 

1.2 

0.9-1.4 

Japan 

GillU et al. (1984) 

P 

21 

3.6 

0.9-13.8 

Scotland 

Garland et al (1985) 

P 

19 

2.7 

0.9-13.6 

California 

L eeetaL (1986) 

C 

77 

0.9 

0.5-1.6 

United Kingdom 

Halting et al. (1988) 

P 

968 

1.2 

1.1-1.4 

Maryland 

He (1989) 

C 

34 

1.5 

1.3-1.8 

China 

Humble et al. (1990) 

P 

76 

1.6 

1.0-2.6 

Georgia 

Butler (1990) 

P 

64 

1.4 

0.5-3.8 

California 

Mfllea 

GillU et al. (1984) 

P 

32 

1.3 

0.7-2.6 

Scotland 

Lee ef al (1986) 

C 

41 

1.2 

0.5-2.6 

United Kingdom 

Svendsen et al (1987) 

P 

13 

2.1 

0.7-6.5 

United States 

Helting et al. (1988) 

P 

370 

1.3 

1.1-1.6 

Maryland 


Hole et al (1989) 

P 

84 

2.0 

1.2-3.4 

Scotland 


CHD : Coronary Heart Disease P : Prospective cohort C : Case control studies 


In spite of large differences in study design and type of heart disease 
considered (ischaemic heart disease, death of any origin, myocardial 
infarction death, non fatal coronary symptoms including angina)^ all 
results have been pooled giving an overall relative risk estimate of 1.23 
(limits 1.1-1.4) for 6 studies in women and 1 31 (limits 1.1-1.6) for 4 
studies in men (Wells, [11]). When these values are used to calculate CHD 1 

mortality rate in the USA, they give the very high figure of 32,000 deaths/year 

[H]i 

Glantz [12] takes up this figure and collects evidence from a number of 
more or less relevant studies all tending to prove that this finding is 
plausible. 

We shall first consider the formation process of atherosclerosis. It is a I 

complex, multi facto rial slowly developing phenomenon. It is therefore j 

biologically plausible that ETS exposure may cause some blood factors to I 

vary and accelerate the atherosclerosis process. It remains to be proven, , 

however, that the amplitude of such variations occurring during actual ETS 
exposure produces an effect leading to a 30 % risk increase [12]. That is why, 
after a brief reminder of what is known to date about the mechanism of 
atherosclerosis, we shall examine what are the aggravating factors due to 
active tobacco smoking. Then, we shall attempt to evaluate the impact of ETS 
induced stimuli compared to those affecting an active smoker who is also j 

passively exposed to his own smoke and that of other smokers. 
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Epidemiologic studies from a variety of countries throughout the world 
have dearly established a relationship between the development and/or the 
progression of atherostatic process and many lifestyle factors: sedentarity, 
obesity, dietary intake (excess calories, saturated fat, salt,..), cholesterol, 
stress, cigarette smoking... etc. 

Risk factors 

Since Framingham and his team published their findings 15 years ago 

[13] , it has been known that the three major CHD risk factors are: 
hypercholesterolemia, high blood pressure and cigarette smoking (Fig. 1) 

[14] . Combination of two or three of such risk factors has been found to 
increase CHD incidence nine times for two and 16 times for three factors 
[HI 



Figure 1. Increase in risk of coronary heart disease as a result of 
i smoking, hypertension and hypercholorestemia, relative to a 45- 

i year-old non-smoking man with a systolic blood pressure (SBP) 

of 110 mm Hg and total cholesterol of 185 mg dl* 1 . Drawing made 
on the basis of data from the Framingham study (from Kannel 
W.B. [14]). 
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It is now known that some of these factors should be better defined. With 
cholesterol, for instance, it is the hyperlipoproteinemia anomaly which 
must be considered (table 2). Cholesterol carriers such as LDL (Low Density 
Lipoprotein) represent a risk and VLDL (Very Low Density Lipoprotein) an 
additional risk whereas HDL (High Density Lipoprotein) counters the risk. 
Apolipoproteins are better correlated with CHD risk: Apo B100 (contained in 
LDL - VLDL) represent the risk, whereas Apo A1 (contained in HDD 
counters the risk [15]. Bloodstream lipoproteinic particles (16) now appear 
to be even more related to CHD risk. LpB or Lp(a+) [117]I represent the risk 
whereas Lp A1 are the protecting agents [16]. These factors are generally of 
the genetic risk type, whereas LDL modified (18) by oxidation, acetylation, 
glycosylation and MDA LDL conjugation with MDA (Malondialdehyde) are 
due to metabolic and environmental chemical alterations [19,20]. 
Destruction of modified LDL by the "scavenger" pathway contributes through 
i different mechanisms to atherosclerosis develbpment [21]. This helps 

understand the aggravating effect of such oxidising substances in blood as 
free radicals or the protecting role of direct or indirect antioxydants such as 
vit. C, vit. E, Se... [22). 

Table 2. Atherosclerosis and risk factors due to iipoproteinemic anomaly. 



Risk increasing factors 

Risk decreasing factors 


Total Cholesterol P 

Total Cholesterol \ 

Cholesterol 

LDL Cholesterol ^ 

LDLC N 


VLDL Cholesterol P 

VLDLC >ii 


LDL A 

LDL \ 

Lipoproteins 

VLDL A 

VLDL 


HDL \ 

HDL A 5 

Apoproteins 

ApoBlOO /" 

ApoBlOO N 


ApoAl \ 

ApoAl ^ 


LpB A 

Lp (a+) / 

LpAl / 

Lipid particles 

ox LDL / 
dye LDL / 

MDA LDL A 


other (actors 

free radicals, etc.. 

Vit C, Vit E, Selenium, etc... 


Pathogenesis of atherosclerosis 

Taking into account the different theori es and hypo theses on lipid 
infiltration, endothelial injury, and platelet role, we can state that: 
atherosclerosis iB characterized by increased endothelial permeability, 
monocyte infiltration, internal smooth muscle cell (SMC) proliferation^ 
platelet aggregation and accumulation of lipids, Ca++ and extra cellular 
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matrix components such as collagen, elastin and proteoglycans in vessel 
wall. 


Endothelial cell injury (Fig. 2) 

Factors and forces promoting such damage are quite undeSned and may 
be of physical, metabolic, hormonal, cellular, molecular or genetic nature. 
Among identified factors we can list: high blood pressure, anoxia, immune 
activation, turbulent blood factors, increases in oxidized LDL, Lp(a) or free 
radicals... etc. Response from irritated endothelial cells induces an 
increase in permeability for plasma compounds into the subendothelial 
space. 

Hyperthole rt role mi*e - oxLDL 

IRRITATING STIMULI Hypertension * Tcrbulem blood Dov 
Anorfc * CO - Free-Radcab, et... 

i 



SMC : 

"ContjBCtOe phenotype" 


Figure 2. Pathogenesis of atherosclerosis. 
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PGDFXAB) from platelets and PGDF(BB) from macrophages (Heldin) [25] 
which are chemostatic and mitogenic for vascular smooth muscle cells. 
Vascular SMC are assumed to migrate from the media to the intima where 
they convert from a contractile into a synthetic phenotype, proliferate and 
secrete growth factors (PGDFAA) [26]. At this stage, we must stress the 
importance of the balance between prostacycline (PG12) secreted by injured 
endothelial cells which inhibits platelet aggregation and thromboxane 
(TXA2) secreted by the platelets which stimulates aggregation [27]. 

Progression of atherosclerosis (Fig. 2) 

The hallmark in the progression of atherosclerosis is the proliferation 
of SMC and accumulation of extra cellul&r matrix in the intimal layer: 
collagen, elastin, proteoglycans (PGs), glycoaminoglycans (GAGs). These 
molecules combine with LDL* modified LDL, LpOa), cell debris, Ca++ 
deposits to form an atheroma gradually weakening and narrowing the artery, 
encouraging the formation of a thrombus which may develop into myocardial 
infarction. 

Finally, there i6 normally a balance between cholesterol influx (LDL, 
Lp(a) into the membrane and cholesterol efflux (HDL2) out of the plasma 
membrane. When influx of cholesterol exceeds efflux, cholesterylesters 
are stored by the cells. On the other hand, the lesion progression is also 
dependent on SMC proliferation and consequently on the balance between 
growth promoters (PGDF, TXA 2 , 12 HETE) and growth inhibitors (PGI2). 

This is just an overview of atherosclerosis pathogenesis which does not 
cover the abundant literature documenting such factors as : 

Lipoperoxydation of polyunsaturated fatty acids leading to MDA-LDL 
[181; 

Free radicals and anti oxidising role of plasma [28] selenium, 

The role of Ca* + as a second messenger involved in regulating processes 
in the vessel wall [27] promoting LDL receptor binding, inducing 
monocyte and SMC chemotaxis and stimulating secretion of collagen 
and other components. 

ATHEROSCLEROSIS AND CIGARETTE SMOKING 

A number of epidemiologic studies have brought evidence of association 
between active smoking and atherosclerosis development but the physio- 
biochemical mechanisms suggested are not yet definite as many smoke 
constituents are likely to be involved 

Mainstream smoke chemical composition 

About 4,000 components have been identified in mainstream smoke. In 
the gas phase the major constituents are: carbon dioxide, carbon monoxide, 
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nitrogen oxides, nitrosocompounds, hydrogen cyanide, formaldehyde, 
acrolein and benzene. The biologically active compounds, however, are 
found in the particulate phase: nicotine, phenol', benzo(a)pyrene, 
nitrosamines, pyrene, naphtalene, etc... 

A number of investigations of smoke toxicity have been carried out in 
using all mainstream smoke or tars, which cannot lead to incriminate any 
specific chemical substance. The primary stimuli involved in 
atherosclerosis development are nicotine, carbon monoxide (CO) [54], while 
PAH and free radicals have also been investigated. 


Mainstream smoke (MS) stimuli (Fig. 3) 

1. Nicotine alone or in conjunction with cigarette smoking is known to 
increase sympathetic nervous activity and release catecholamines from 
adrenal glands or cardiac tissues [521. 

2. Increase in blood pressure and heart rate: this effect can be readily 
explained by direct action of nicotine or by cathecolbmine action on 
myocardial contractile function [30], 

3. Effects on lipids: Increase in free fatty acids (FFA): intravenously 
injected nicotine raises plasma concentration of FFA through enhanced 
lipolysis. FFA mobilisation from adipose tissue is a consequence of 
sympathoadrenal stimulation [31] but increases the delivery of FFA to the 
heart and therefore increases oxygen consumption [32]. 

Lipoproteins: a number of studies have shown that in smokers* plasma 
HDL tend to be lower and LDL slightly elevated. The most important aspect 
could be the sharp decrease in the anti-atherogenic HDL2 cholesterol 
fraction [33]. The data on association between CHD and HDL subfraction is 
controversial and recent studies [34] find no statistically significant HDL 
decrease associated with cigarette smoking. Alcohol consumption, however, 
correlates positively with HDL cholesterol subfraction. Finally, the effect of 
smoking on HDL cholesterol does not seem to be cumulative and can be 
reversed in just 30 days after cessation of smoking (M off sat R.) [33]. 

4. Platelets: Cigarette smoking induces a marked, transient increase in 
platelet aggregability [35, 36]. The responsible agent is likely to be nicotine 
which can produce the same effect in vitro. On the other hand, cigarette 
smoking induces increased PAF-LL (Platelet-Activating-Factor-Like- 
Lipid(s)) which cause LDL oxidation and then pathogenesis of smoking- 
induced atherosclerosis [37]. 

5. PGI 2 -TXA 2 Balance: Cigarette-smoking affects the balance of vascular 
prostanoid synthesis PGI 2 -TXA 2 by decreasing PGI 2 synthesis by vascular 
endothelial cells [38], increasing release of TXA 2 platelets [40] and 
incidentally platelet aggregation and SMC constriction. In fact, the direct 
role of nicotine and its action as a function of dose and in presence of CO is 
still controversial [41]. 

6. Carbon monoxide: Carbon monoxide forms carboxyhaemoglobin* 
reduces blood oxygen-carrying capacity and causes hypoxemia. Mean COHb 
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levels in smokers are about 5 % but may reach 10 % and more in heavy 
smokers. CO can affect permeability of endothelial wall, fibrinogen 
retention by arterial wall and PGI 2 -TXA 2 balance [41]. 

7. Polycyclic Aromatic Hydrocarbons (PAHs): By weekly PAH injections 
in pectoral muscles of white cameau pigeons, Revis [42] showed that PAH 
such as Benzo(a) pyrene (BaP) with the exclusion of BeP, might be the only 
potential atherogen in avian atherosclerosis. Randerath [43] also 
demonstrated on mice dermally treated with cigarette tar presumably 
containing aromatic compounds like BaP, induced lesions in heart DNA in a 
tissue specific manner. However, the administration route, the doses and 
the species, cannot convincingly lead to the conclusion that it is an 
atherosclerosis risk for a smoker. 

8. Free radicals: We know that smoke contains free radicals and that free 
radicals are found in the atheroma plaque. Free radicals have been 
implicated in cardiac ischaemic artery [44] and congestive heart failure 
[45]. Free radicals can cause lipoperoxidation of unsaturated fatty acids and 
then form MDA (Malondialdehyde). LDL malonisation then leads to 
increased fixation on macrophages with foam cell production [57]. 

To sum up (Fig. 3)/ consistent evidence is now available to explain the 
aggravating effect of tobacco smoke on atheroma plaque. Nicotine and 
carbon monoxide are the identified primary stimuli causing a chain of 
biochemical reactions accelerating the atherosclerosis process [54]. Free 
radicals and polycyclic aromatic hydroxarbon6 are among the molecules 
recently incriminated but their precise role and mode of action require 
further investigation. 

ATHEROSCLEROSIS AND PASSIVE SMOKING 

ETS exposure has no marked effects on atherosclerosis parameters. 
This is due to the fact that amounts of active compounds which penetrate into 
the body are on the whole very small even for heavy exposures, as is most 
convincingly demonstrated by Scherer [46] (Table 3). The findings provide 
experimental evidence that for passive smoking, exposure to the gas phase of 
ETS is more important than to the particulate phase. In contrast to smoking, 
uptake of tobacco smoke derived particles during passive smoking seems to 
be very low and not detectable by usual methods [46]i Therefore, nicotine and 
cotinine in smokers reflect smoke particle exposure whereas in passive 
smokers these parameters indicate exposure mainly to tobacco smoke 
vapour phase. 

Let us consider the blood stimuli generated by ETS, likely to contribute to 
atherosclerosis process. 

Co-CoHb 

As Carbon monoxide is mainly a vapour phase compound of sidestream 

437 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023512165 






•V 


Table 3. Estimated dose ratio between smoking and passive smoking 
from G. Scherer [46]. 


Tobacco smoke constituents 

Smoking S 
(20 eig/d) 

Paisive smoking 
PS (8 h/d) 

Dose ratio 
S/PS 

gaseous phase 

CO (mg) 

40-400 

14.4*96 

2.7-4.2 

Volatile nitrosaminefl (ug) 

0.05-1.0 

0.03-0.4 

1.5-2.5 

Benzene (ug) 

200-1200 

40-400 

3-5 

Particulate matter 

Particles (mg) 

75-300 

0024-0.24 

1250-3000 

Nicotine (mg) 

7.5-30 

0:08-0.4 

75-90 

Benzo(a)-pyrene (ug) 

0.15-0.75 

0.001^0,011 

75-150 

Tobacco specific nitrosamines (ug) 

4.5-45 

0.002-0:010 

2300-4500 


> 


smoke, an exposed non-smoker shows a significant increase in CoHb after 
heavy ETS exposure. However, CO uptake is 2.7 to 4.2 times lower than in an 
active smoker (table 3) [46] CoHb levelfe obtained range from 0.5 to 1.5% 
(National Research Council 81, Aronow 78, Wald 81 [47], Davis [48], though 
Sherer [46] found a higher CoHb value 6 % after 8 hours' exposure. In fact, 1% 
cpi. CoHb is considered to be representative of average tobacco smoke exposures, 

which is not far from levels observed in exposures to other CO sources: 
% cooking, heating, exhaust fumes, etc... (3 % CoHb in non-smoking taxi 

t;; drivers in London). In active smokers, however, CoHb levels are much 

higher: 5% and more. Moskowitz [47] found that whole blood 2-3 
dipbosphoglycerate (2-3 DPG) was higher in smoke-exposed than in 
unexposed children, which shows that the organism attempts to compensate 
for hypoxia by increasing 2-3 DPG level in blood to meet tissue oxygen 
requirements. However, the results are significant for boys only. 


Nicotine 

In a non-smoker, plasma nicotine rises so faintly after exposure to 
tobacco smoke that variations observed are sometimes not significant. 
Regarding significant quantities absorbed, Sherer [46] has recently shown 
(table 3) that an active smoker's (S) uptake is 75 to 90 times that of a passive 
smoker (PS). Regarding plasma, salivary or urinary concentrations, Jarvis 
[49] has found that the ratio is about 100. In these circumstances, direct or 
indirect action of nicotine on an ETS exposed non smoker can only be very 
weak. 

Lipids 

Only a few studies have investigated this aspect. Moskovitz [47] found 
that High Density Lipoprotein (HDD cholesterol was lower in ETS exposed; 
children ; the HDL2 cholesterol subfraction was decreased but in boys only 
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while the HDL3 cholesterol subtraction, was decreased in girls only and 
curiously, together with Low Density Lipoprotein (LDL) cholesterol 
subtraction. These results are not consistent enough to permit a definite 
conclusion inasmuch as other parameters ApoAl, ApoB or better LpAl, LpB 
are now considered to be better correlated with atherosclerosis risk Further 
research work is necessary to evaluate effects of ETS on lipidic fractions, 
all the more so &6 in active smokers, variations of HDL subfractions are not 
very significant either [34]. 

Platelet* 

Passive smoking increases platelet aggregation and produces a 
desquamation effect on endothelial cells of a similar magnitude to that 
observed in active smoking [48]. Davis [48] thinks that even a small increase 
in plasma nicotine concentration may release catecholamines. 

Polycyclic Aromatic Hydrocarbon* (PAH*) 

Although PAHs are potentially very harmful because of their 
carcinogenic effect on the lungs, bladder and heart through formation of 
adducts, it is questionable whether they are actually playing a role in the case 
of ETS. Indeed, the amounts thus absorbed are so small compared on the hand 
to those of an active smoker who inhales from 75 to 150 times more, 
according to Scherer [46] (table 3) and on the other hand to amounts 
contributed by the environment (50) as in the case of benzene which brings 
about ten times more. Grimmer [50] has demonstrated that sidestream 
smoke (SS) contains ten times more PAHs (Benzo(a)pyrene for instance) 
than mainstream smoke (MS). 99 % of these PAH6, however, occur in the 
particulate phase whereas a non-smoker is only exposed to the vapour phase 
[46]. 

When recapitulating available evidence on ETS generated stimuli in the 
body, it appears that increases in nicotine and CoHb levels are so low that 
only very low variations can be expected from direct actions or 
cathecholamine releasing mechanisms. Effects on lipids are just about 
significant. Effects on platelet aggregation seem to be a more promising 
avenue of research as platelets influence both the slowly develbping 
atherosclerosis process and more important still, the rapidly develbping 
phase of thrombus formation preceding a cardiac incident. 

CONCLUSIONS 

About 10 epidemiologic studies conducted in different countries have 
concluded that ETS exposure accounts for about 30% risk increase of CHD 
mortality. Because of the many factors, some of which have only been 
recently discovered, that play a role in the development of CHD, a number of 
these studies have not been properly designed even if some (Svendsen, 
Garland, He-Hole) have controlled for age, race, weight, hypertension, 
alcohol consumption, exercise and total serum cholesterol. Many other 
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factors need to be considered: diabetes, heredity or associated lipidic 
factors, Apo Al, Apo B, Lp Al t Lp(a), platelet factorB, diet (antioxidizing 
factors, vit E, vit C, selenium) etc... In addition to those, should of course be 
listed all the confounding factors currently found in ETS epidemiologic 
studies and generally connected with exposure assessment (intensity, 
duration). 

As in the case of lung cancer, it is now certain that active smoking 
increases the risk of fatal CHD: the risk is supposed to be about 2.0 
(Framingham) but may vary from 1.6 to 2.0 for a cigarette smoker but from 
1.08 to 1.40 only for a pipe smoker (Surgeon General Report) [54J. Some of 
the most important action mechanisms of mainstream smoke by means of 
nicotine, CO (CoHb)* platelet aggregation are now fairly well known. 
However, its action on coronary atherosclerosis remains unexplained as 
available evidence is inconsistent and even contradictory. The fact that CHD 
risk decreases rapidly after cessation or diminution of smoking [51] I may 
indicate that effects of smoking are more severe on thrombosis [52] or 
infarction than on coronary atherosclerosis. As far as ETS action is 
concerned, increases in plasma nicotine and CoHb levels are extremely low 
compared to those in active smoking (1 % for the former, 20 % for the latter). 
The physiobiochemical effects actually observed on an exposed non-smoker 
are real: HDL and HDL2 are decreased and platelet aggregation increased, 
they indicate that the role of ETS in CHD incidence is biologically plausible. 

It is, however, unrealistic, given our present knowledge, to suggest new 
mechanisms, inspired for instance by animal experimentation and which 
would not first apply to active smoking. Indeed, an active smoker is also a 


passive smoker who inhales his own smoke as well as that of others. 
Therefore, the magnitude of risk in an ETS exposed non-smoker is bound to 
be very small compared to that of an active smoker. This risk has certainly 
been overestimated in some studies: a scientist s common sense is baffled 
when relative risk estimates of ETS exposure are equal or even higher than 
those of active smoking (Garland; Gillis, Svensen, Hole). Is a smoker more 
intoxicated by ETS than by mainstream smoke ? 

This suggests that mean RR of CHD due to ETS exposure calculated from 
available epidemiologic studies, has probably been overestimated as at the 
moment it cannot be explained by physiobiochemical changes caused by ETS 
in the body. Among the mechanisms suggested by Giantz, CoHb (at 1 %) and 
P.A.H. (PS/S = 1/100) incidence is unconvincing. However, action on 
platelet aggregation is more likely. Reversibility of action suggests that 
incidence is stronger on thrombosis process than on coronary 
atherosclerosis development. Therefore, Well’s [ill] extrapolation to the 
North American population leading to a very high CHD mortality due to ETS 
appears to be questionable even though he maintains it against critiques [55]. 

A number of very carefully conducted studies will be necessary before 
correct risk assessment and satisfactory physiobiochemical interpretation 
can be achieved. 
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The role. if any. of environmental tobacco smoke {ETS) in the causation and/or exacerbation 
of cardiovascular disease remains to be proven and defined! Earlier workers suggested that ETS- 
associaied carbon monoxide, nicotine, and/or polyaromauc hydrocarbons may be causative factors. 
The purpose of this review was to assess the weight of evidence supporting a role for ambient 
carbon monoxide in the etiology of human ischemic cardiovaseuidr disease. The findings show 
that there is scant clinical or experimental evidence to support a role for carbon monoxide in the 
causation of ischemic hear, disease. Further, the results of field studies of relative air quality in 
nonsmoking and smoking homes, offices, and public places show that ETS contributes onty minor 
and toxicologically insignificant increments in ambient carbon monoxide concentrations. These 
increments are variable and easily masked by other common carbon monoxide sources such as 
internal' combustion engines and the burning of cooking and heating fueii. It is condiided that 
if ETS plays a role in the etiology of cardiovascular disease, it is most likely not mediated through 
Carbon monoxide. © 1993 Aooem*: Prtsv. Ine. 


INTRODUCTION 

Cigarette smoking is frequently implicated as a risk factor in the production and/ 
or exacerbation of cardiovascular disease. Active smoking has been estimated to impart 
a risk for heart disease of 1.7 relative to nonsmoking (Surgeon General, I983)i 

Since 1984 a number of epidemiological studies have been conducted to assess the 
presence or absence of an association between the cohabitation of nonsmokers with 
smokers and death from cardiovascular disease. Glaniz and Parmley (,1991); reviewed 
the results of 13 such studies and pointed out that in most (9/13, 69%) the estimated 
relative risk (RR) of cardiovascular dbath due to ETS exposure was not significantly 
different from that of non-ETS-exposed people. In the remaining 4 studies (31% of 
the studies reviewed) small elevations in RR, ranging from 1.2 to 2.0, were considered! 
statistically significant 

Glantz and Parmiey noted that although estimates of cardiovascular death risks 
were only inconsistently elevated in ETS-exposed subjects, risk was not randomly 
distributed around unity. The computed RRs and 95% confidence inter/als (Cl) appear 
to be skewed toward eievauon. Further,, when the results from all studies were pooled; 
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analysis revealed a statistically significant 30% increase in nsk (RR = 1.3; 95% Cl = 
1.2 to 1.4). 

Reviewers of the ETS-cardiovascular death risk issue (Glantz and Parmiey, 1991; 
NIOSH, 1991; Taylor et al., 1992; and SteenJand. 1992) ail noted that the known 
cardiotoxic compounds identified in mainstream smoke are also present in ETS. This 
has been considered supportive evidence for the thesis of a cause-and-effect relationship 
between ETS and cardiovascular disease risk. But in reaching their conclusions it is 
obvious that those authors gave link or no thought to one of the most basic principles 
of toxicology-—the concept of dose-response relationships. 

It is a basic ten et of both clinical and experimental toxicology that there is generally 
a direct relationship between the amount of chemical to which an organism is exposed 
andi the magnitude of the physiological changes produced. This principle of dose- 
response relationships forms the basis through which the medical profession, industrial 
hygienists, and federal regulators establish nontoxic doses of drugs, acceptable daily 
exposure levels to food additives, and no effect levels of chemicals in the environment. 
Disregarding the principle of dose-response relationships would necessarily obligate 
prohibition of human exposure to virtually all: chemicals, whether synthetic or natural. 

Because of the relationship between, dose and effect^ the detection of a substance in 
the environment is only the initial step in' establishing the presence of a possible 
human health hazard. When appraising the human health implications of exposure 
to any environmental factor a thorough assessment of the biological and chemical 
plausibilities of the purported effect is imperative. Such an assessment should address 
three key factors: (1) Is there a plausible toxicologic mechanism through which'the 
material could produce the suspected effect? (2) Is the mechanism operative in the 
human subjects of interest? (3) Are the human subjects exposed to a sufficient quantity 
of the environmental factor to produce the claimed toxicological consequence? 

The mechanism(s) though which either active or passive smoking might increase 
risk of cardiovascular disease have yet to be unequivocally defined. A prominent and 
frequently mentioned cause or contributor is the production of myocardial ischemia 
through exposure to ETS-associated carbon monoxide (Glantz and Parmiey, 1991; 
NIOSH. 199'li; Taylor et aL 1992; and 1 SteenJand, 1992). The purpose of this review 
is to weigh the evidence relative to the hypothesis that ETS-related exposures to carbon 
monoxide (CO) can contribute to either the initiation or exacerbation of ischemic 
cardiovascular disease in humans. The results of this review show that there is link 
clinical or experimental evidence that is relevant to the issue and that that which is 
available does not support a role for ETS-associated carbon monoxide in the causation 
or exacerbation of ischemic heart disease in non/never-smoking humans. 

MECHANISM OF ACTION OF CARBON MONOXIDE 

Carbon monoxide, produced during the incomplete combustion of all organic ma¬ 
terials, is the most extensively studied and'best understood component of either main¬ 
stream or sidestream rigarene smoke. This gas avidly competes with oxygen for binding 
to hemoglobin (Hb)i The combination of CO with HB results in the formation of 
carboxyhemogjobin (COHB) and compromises the transport of oxygen to the tissues 
of the body. 

All consequences of exposure to CO are directly attributable tothe production'of 
tissue anoxia. The magnitude of anoxia, and therefore the seventy of physical syrnp- 
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toms, is related to the percentage of hemoglobin that is convened to COHb. The 
production of COHb is proportional to the amount of CO present in the inspired air. 

The remarkable affinity of hemoglobin for the CO molbcuie makes the gas decep¬ 
tively toxic. If the affinity of hemoglobin for oxygen is assigned a value of 1.0, its 
affinity for CO is greater than 200. In the clinical situation, a few minutes of inhaling 
air containing as little as 0.1% CO (i.e., 1000 parts per million) results in 50% of the 
available hemoglobin being convened to COHb. The presence of a 50% saturation of 
COHb is physically incapacitating and may even be lethal to the human (Smith, 1986). 
Toxicological consequences such as headache, dyspnea, and visual disturbances are 
associated with lower blood concentrations of COHb and the American Conference 
of Governmental and' 1 Industrial Hygienists has indicated its intent to establish 3.5% 
COHb as its best estimate of a no effect concentration among industrial workers 
chronically exposed to CO (ACGIH, 1991): 

Because of the critical importance of continuous and adequate oxygenation of heart 
muscle, it is obvious that a cardiotoxic effect of CO is plausible. Myocardial damage 
caused 1 CO-induced ischemia would be no less significant than ischemic damage sec¬ 
ondary to coronary thrombosis or atherosclerosis. Since tobacco smoking may increase 
the concentration of CO in certain environments iris reasonable to assess the sensitivity 
of humans to CO-inducedi cardiotoxicity and determine the quantitative impact of 
indoor smoking on the CO concentration in air. 

CARDIOVASCULAR EFFECTS OF CARBON MONOXIDE IN HUMANS 

Stem et ai. (1988) presented evidence of a possible CO-induced risk of cardiovascular 
disease in humans exposed to automobile exhaust. These workers reported a 35% 
excess in ischemic heart disease deaths among male traffic officers employed in tunnels 
in New York City,. Additional evidence of probable occupational association of the 
deaths was the fact that elevated risk promptly declined upon cessation of the occu¬ 
pational exposure. 

These officers were occupationally exposed to environments containing about 50 
ppm of CO. Although direct measures of COHb were not reported, it has been estimated 
that 8 hr of exposure to 50 ppm of CO will produce a COHb concentration of 6.27% 
(Singh et aL 1991)* This indicates that the traffic officers may have had blood 1 con¬ 
centrations of COHb approximately twofold greater than the ACGIH no effect con¬ 
centration: 

Several' investigators have studied the effects of controlled tobacco smoke or CO 
inhalation on exercise tolferance and cardiac rhythms. Elevated serum carboxyhe- 
mogiobin levels have been associated with decreased exercise tolerance in healthy 
subjects (McMurray et ai. 1985) and decreased exercise tolerance and increased sus¬ 
ceptibility, to exercise-induced cardiac arrhythmias in patients with coronary artery 
disease (Allred et ai. 1989; Sheps et ai. l990a,b). Other workers, however, have re¬ 
ported 1 the absence of effects of exposure to low concentrations of CO in patients with 
known coronary artery disease (Hindferiiter el ai. 1989). 

Effects in healthy human. McMurray el ai (1985) exposed healthy smokers and 
nonsmokers to cigarette smoke during strenuous exercise. These workers reported that 
the exposure decreased the amount of exercise required to produce exhaustion in both 
groups. In addition, exercise-associated changes in biochemical measurementsindicaied 
that exposure to smoke caused an increased reliance on anaerobic metabolism, evidence 
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of decreased tissue oxygenation. The authors attributed these changes to systemic 
anoxia secondary to the formation of COHb. 

McMurray ei ai stated a belief that the exposure of their subjects was similar to a 
typical exposure of humans to environmental tobacco smoke. They did not, however,, 
present quantitative information to support this contention and it is possible that their 
subjects were exposed to unrealistically high levels of smoke. 

During the exercise portions of the experiment cigarettes were mechanically smoked, 
at a rate of one every 3 min, and the smoke was mixed with air and delivered directly 
to exercising subjects via a mouthpiece and an inhalation rube. The minimum duration 
of exercise was 20 min. Consequently, subjects were exposed to the smoke from ap¬ 
proximately seven cigarettes during their exercise session: Preexercise COHb concen¬ 
tration in nonsmoking subjects was li.1% and at the conclusion of the experimental 
session it had risen to 2.2%. Similar data for subjects who were smokers was not 
presented., 

While the smoke exposure regimen in the McMurray et ai study may have caused 
the slight decrement in exercise performance, the relevance of the data to the exposure 
of humans to ETS is difficult to assess because the authors failed to report either the 
smoke:air ratios in the mixtures delivered to■ their subjects or the CO concentrations 
to which they were exposed: Since subjects were exposed to some portion of the smoke 
from approximately seven cigarettes it is possible that unrealisticaily, high ETS andi 
CO concentrations were used. 

Levesque ei ai (1991) studied the relationship between CO in ambient air and the 
formation of COHb in hockey players under game conditions. These workers found 
that for every 10 ppm of CO in environmental air, COHb saturation increases by 
0.76%. tfa similar relationship holds for McM'urray’s exercising subjects it is estimated 
that the nonsmoker’s experimental exposure was to 1.5 ppm of CO in excess of their 
normal background concentrations. 

Effects in humans with coronary artery disease. Studies in which coronary-artery- 
diseased subjects were exposed to.CO prior to exercise have yielded a variety of results. 
These variable results are doubtless due to differences in experimental designs and 
measured endpoints and subject selections. 

Kleinman ei al. (1989) reported that exposure of male subjects with stable angina 
to 100 ppm of CO for I hr increased COHb saturation from a preexposure 1.5% to 
2.9%. The 2.9% COHb concentration caused a more rapid onset of exercise-induced 
anginal pain than was experienced during the control exercise period without CO 
exposure. 

Hindcrliter et at (1989) exposed coronary-artery-diseased patients, with low baseline 
IfevcLsof ventricular arrhythmias, to either 100 or 200 ppm of CO for sufficient durations 
to increase COHb levels to as high as 5.8%. Subjects then performed symptom-limited 
exercise. Continuous ambulatory EKG monitoring revealed that this level of COHb 
saturation was nonarrhythmogenic in these cardiac^iiseased patients. Unfortunately, 
these workers did not compare pre- and postexposure susceptibility to anginal pain. 

Using the same protocol with coronary-anery-diseased patients who had ventricular 
arrhythmias Sheps et al. (j'990a,b) found that 5.7% COHb saturation caused an in¬ 
creased frequency and complexity of postexercise ventricular arrhythmias. Carboxy- 
hcmoglobin saturation of 3.9%, however, was without effect. 

Allred et ai (1989) reported the results of a multiccnter study of the effects of CO 
exposure on exercise performance in coronary artery disease patients. Subjects were 
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exposed to either 117 or 253 ppm of CO for periods sufficientto elevate COHb con¬ 
centrations to values of 2.0 or 3.9%, Under the conditions of these experiments control 
COHb concentrations were unusually low (0.6-0.7%). These workers reported that 
both the 2.0 and the 3.9% COHb concentrations exacerbated exercise-induced 
myocardial ischemia as evidenced by EKG changes and decreased time of onset of 
anginal pain. 

The Allred study has been criticized (Katzenstein, 1990) because of the low control 
values reported for pretest blood COHb concentrations. Levels of COHb in nonexposedi 
nonsmokers are generally found to be from two to three times higher than those 
reported by the Allred group. For example, Hinderliter et al. (1989) reported a preex¬ 
posure leveliof 1.8%; Sheps et al. (1990a) reported 1.82%; and McMurray eial. (1985) 
reported 1.1%. 

The Allred group explained that their low levels were due to their use of a gas 
chromatography assay of COHb rather than the more frequently used optically based 
assay (Dahms et at, 1990). They stated that the commercial instruments generally 
provide inaccurately high COHb readings when concentrauons of less than 5% are 
assayed! For this reason the relevance of the Allred data to other contemporary studies 
is open to question. 

Overall, the results of studies in humans afford some evidence that exposure to 
extremely high concentrations of CO may elevate risk of ischemic heart disease and 
decrease the exercise tolerance of people with coronary artery disease. Such effects are 
consistent with the production of systemic anoxia and impaired myocardial oxygen¬ 
ation. However, it remains to be established whether ETS can contribute sufficient 
environmental CO to impact on the cardiovascular status of either healthy or corn* 
promised humans. 


THE CLINICAL SIGNIFICANCE OF ETS-ASSOCIATED 
CARBON MONOXIDE 

To assess the potential cardiac risk of exposure to ETS-associated CO, it is necessary 
to estimate a maximal COHb saturation that would produce no physiological changes 
in exposed humans. Concentrations of CO in excess of that value should be considered 
potentially dangerous to human health. 

A COHb concentration of 2.5% is proposed as the no effect level. This level of 
saturation is far below that which was associated with increased ischemic heart disease 
risk in traffic tunnel workers (estimated to be 6.27% COHb) (Stem et aL 1988). It is 
also well below the 3.9% levei, a level that did not result in exercise-induced arrhythmias 
in patients with preexisting coronary artery disease (Sheps et aL 1990a.b) and it is 
less than the 2.9% level that was associated with decreased exercise tolerance in cor¬ 
onary-artery-diseased patients (Kleinman et ai. 1989); 

The proposed value is also lower than the 3.5% COHb saturation that the ACGIH 
intends to establish as its best estimate of a no effect concentration among industrial 
workers (ACGIH, 1991). The ACGIH value represents that body of health scientists 1 
best estimate of a chronic, no effect level in workers exposed to CO 8 hr per day, 40 
hr per week. 

The 2.2% COHb concentration reported by McMurray et aL (1985) to produce an 
8% decrement in' the performance of strenuous exercise was not considered because 
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the effect, which was minimal, was noted in only a small number of strenuously 
exercising subjects. Similarly, the 2.0% COHb saturation reported to reduce exercise 
tolerance in'patients with coronary artery disease (Allred ei a/., 1989) was not iucor- 
ponated into the estimation of a no effea level because of uncertainty about the corn*- 
parability of the COHb analyses in that study with those of the more numerous con¬ 
temporary studies. In view of the available data relative to potential cardiovascular 
effects of CO exposure in humans, the 2.5% COHb concentration represents a con¬ 
servative estimate of a probable no effea level. 

The likelihood of a human achieving a serum concentration of 2.5% COHb depends 
upon the ambient concentration of CO and the duration of exposure. Singh ei al 
(1991) reviewed experimentally achieved COHb concentrations after exposures of 
varying durations to different concentrations of the gas. With exposure to 100 ppm, 
a serum concentration of 2.5% COHb was reached after between 30 and 45 min of 
exposure. At anambient concentration of 50 ppm CO, longer than 60 min was required; 
and two hours exposure to 45 ppm causes a COHb concentration of 2.48% t 

With the exception of accidents, employment in occupations involving internal 
combustion engines, and intentional seif infliaed exposures, humans are seldom ex¬ 
posed, even for brief periods, to CO concentrations in the range of 45 to 100 ppm. 
At lower, more probable levels of CO exposure still longer periods are required to 
produce the 2,5% COHb saturation. For example, exposure to 1,5 ppm of CO requires 
continuous exposure for 10 hr to produce a serum concentration of 2.5% COHb 
(Guerin et al... 1992). 



IMPACT OF ETS ON AMBIENT CARBON 
MONOXIDE CONCENTRATIONS 

It has been frequently and correctly noted that sidestream tobacco smoke contains 
a higher concentration of CO than does mainstream smoke. Sidestream smoke is 
produced at a lower temperature at which the combustion of carbonaceous materials 
is less complete. American cigarettes are recognized to deliver approximately 15 mg/ 
cigarette of CO via mainstream smoke and 50 mg/cigarene via sidestream smoke 
(Guenn ei al. 1992), 

This relatively high concentration in sidestream smoke has led many to conclude 
that ETS is a major contributor to environmental CO concentrations. Such a conclusion 
• is not supported by the results generated in held studies during which the air in resi¬ 
dences, work places, and public places has been analyzed under both smoking and 
nonsmoking conditions. 

Guerin ei aL (1992) reviewed the data generated during field studies of CO con¬ 
centrations in a variety of smoking and nonsmoking areas. The results of the reviewed 
studies indicated that in general, smoking contributes only small increments in en¬ 
vironmental CO. For example, mean concentrations of CO in the air of offices in 
which smoking was permitted ranged 1 from 1.2 to 2.8 ppm, whereas values in non¬ 
smoking areas ranged from i.2 to 2:5 ppmi Ih restaurants and cafeterias permitting 
smoking, the environmental CO concentrations ranged from 1.2 to 9.9 ppm as con^ 
trasted against nonsmoking control areas where concentrations ranged from 0.5 to 
7.1 ppm. 

On the basis of the available data obtained from field studies, it is clear that ETS 
contributes CO to the environment. However,; the increment of environmental CO 


1 


Source: https://www.industrydocunrients.ucsf.edu/docs/ljpx0000 


2023512178 



# CO AND HEART DISEASE 83 

attributable to tobacco smoking is. exceedingly small. Further, this small increase is 
I easily, masked by normal day-to-day variations in ambient concentrations which arc 

attributable to the presence of other GO sources such as automobiles and the com¬ 
bustion of heating and cooking fuels. 

More importantly, however, the results of the field studies also show that whether 
or not tobacco smoking is permitted, CO concentrations to which humans are exposed 
seldom exceed the 9 ppm indoor standard that has been recommended by the American 
Society for Heating, Refrigerating, and Air Conditioning Engineers (ASHRAE, 1989). 

Since 10 hr of exposure to 15 ppm of CO is required to produce a 2.5% level of 
COHb saturation in humans, and since this is a no effect level, few Americans arc 
j ever exposed; even for brief periods, to cardiotoxic concentrations of COHb. The 

small increment in ambient CO concentrations contributed by ETS is insignificant. 

While conducting this analysis no attempt was made to directly address the issue 
of whether or not exposure to ETS per se causes or exacerbates cardiovascular disease. 
The results of this review have established, however, that if the purported impact of 
! ETS on cardiovascular disease is real, it can be neither explained nor mediated through 

ETS-associated increases in ambient concentrations of carbon monoxide. There is 
scant evidence to support a role for carbon monoxide in the causation of ischemic 
heart disease. Further, the results of field studies of air quality in nonsmoking and 
smoking homes, offices, and public places demonstrate that ETS contributes only 
minor and toxicologically insignificant increments in ambient carbon monoxide con¬ 
centrations. These increments arc variable and easily masked by other commonly 
encountered carbon monoxide sources such as internal combustion engines and the 
{ burning of cooking and heating fuels. 

Earlier workers have suggested that inhalation exposure to environmental tobacco 
smoke-associated nicotine and/or polycyclic aromatic hydrocarbons may also cause 
cardiovascular disease in humans (Glantz ei at:, 1.991; NIOSH, 1991: Taylor ei al :. 
i 1992; and: Steenland, 1992). Such claims cannot be taken seriously at this time since 

i critical reviews of the experimental and clinical evidence claimed to support the hy¬ 

potheses have yet to be conducted. 

CONCLUSION 

If ETS is an etiological factor in cardiovascular disease, its effect is most likely not 
mediated through carbon monoxide. 
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McMurray, R.G., Hicks, L.L. and Thompson, D.L., M The Effects of 
Passive Inhalation of Cigarette Smoke on Exercise Performance," 
European Journal of Applied Phvsiolocrv 54(2) ; 196-200, 1985. 

Eight women (four smokers/four nonsmokers) inhaled, 
through a mouthpiece, either room air or air mixed with cigarette 
smoke. Exercise performance was then tested on a treadmill, and 
blood was obtained for chemical analysis. 

Smoke inhalation was reported to have a variety of adverse 
effects. These included: a reduction in maximal oxygen uptake 
during performance testing; an increase in maximal blood lactate; 
an increase in ratings of perceived exertion. The authors concluded 
that inhalation of sidestream smoke "adversely affects exercise 
performance." (p. 196) They stressed the possible role of 
elevated carboxyhemoglobin (COHB) in the reduction of exercise 
performance and suggested that a reported increase in heart rate 
during the smoke exposure reflected "an attempt to improve cellular 
oxygenation." (p. 199) The elevated lactate concentrations were 
suggested as indicating "a greater reliance on anaerobic 
metabolism." (p. 199) 

Comment 


This is a weak study, involving only eight subjects and 
only females. Furthermore, they were all aerobics class 
participants, which raises additional questions about the 
representativeness of the sample. Also, the study was done in a 
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laboratory situation uncharacteristic of ETS exposure in the normal 
environment. In particular, the method of inhalation of smoke 
(through a mouthpiece) would be more analogous to "active" smoking 
than normal exposure to ETS. (Albeit, the authors argue that the 
relatively low levels of COHB of their subjects was typical of 
what might be expected from ETS exposure.) 
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Summary. The purpose of this investigation was 
to evaluate the effect of passive smoke inhalation 
on submaximal and maximal exercise perfor¬ 
mance. Eight female subjects ran on a motor 
driven treadmill for 20 min at 70% F 0;ms foil- 
lowed by. an incremental change in grade until 
maximal work capacity was obtained. Each sub¬ 
ject completed the exercise trial with and without 
the presence of residual cigarette smoke. Com¬ 
pared to the smokeless trials, the passive inhala¬ 
tion of smoke significantly reduced maximal ox¬ 
ygen uptake by 0.25 1 - min" 1 and time to exhaus¬ 
tion by 2.1 min. The presence of sidestream 
smoke also elevated maximal R value (1.01 vs 
0.93), maximal blood lactate (6.8 vs 5.5 mM), and 
ratings of perceived exertion (17.4 vs 16.5 units).- 
Passive inhalation of smoke during submaximal 
exercise significantly elevated the C0 2 output 
(1.68 vs 1.58 li- min**), R values (0.91 vs 0.86), 
heart rate (178 vs 172 bts - min* 1 ) and rating of 
perceived exertion (13.8 vs 11.8 units); These find¬ 
ings suggest that passive inhalation of sidestream 
smoke adversely affects exercise performance. 

Key words: Residual cigarette smoke — Maximal 
oxyy.gen uptake — Lactate — Rating of perceived 
exertion — Carboxyhemogiobih' 


Introduction 

Recently,, studies have been conducted which 
show that non-smokers who inhale the smoke of 
nearby smokers are exposed to smoke consti¬ 
tuents at levels as high as smokers who are inhal- 
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mg. Russell (1973): and Olshansky (1982) deter¬ 
mined that during rest, passive inhalation of to¬ 
bacco smoke increased expired carbon dioxide 
and blood carboxyhemoglobin levels in both 
smokers and non-smokers. White (1978) noted 
that the presence of smoke in the air caused in¬ 
creased resting ventilation, oxygen uptake, carbon 
dioxide production, heart rate and binod pres¬ 
sure. All of these investigations determined that 
passive inhalation of cigarette smoke for an ex¬ 
tended period of time causes harmful health re¬ 
lated problems in non-smokers (Bonham andi Wil¬ 
son 1981; Hirayama 1981). With these effects ex¬ 
isting at rest, one must question what physiologi¬ 
cal effects passive inhalation- of cigarette smoke 
would have on an exercising individual. There¬ 
fore, this investigation was designed to evaluate 
the effect of the passive inhalation of residual, or 
sidestream, cigarette smoke on submaximal and 
maximal exercise. 


Methods 

Eight moderately aciive. normal women taking pan in an aero¬ 
bics class were the subjects. They averaged 21.8±2.4 years of 
age. 162.5 ±5.1 cm in height, weighted 58,2'±2.3 kg, and had a 
of 2:57 I* min"' (44.2 ml ■ kg "' • min " '). Four were 
smokers (>1 pack/week) and four were non-smokers. After 
obtaining written voluntary consent, each subject was 
screened by a medical history, resting 12-lead electrocardio¬ 
gram, and a maximal oxygen uptake test The results 

of the K 0; _test were used to interpolate a workload result¬ 

ing in 70% K 0; _ to be used for further testing. 

Each subject complbted to exerase tnals using the same 
protocolt a control, im which the subject breathed no cigarette 
smoke and an experimental tnal in which the subject breathed 
air mixed with cigarette smoke. The order of the tnals was 
counter-balanced and the subjects received no information 
concerning whether the session was a control or expenmemali 
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trial. Room temperature was 22.5±0.9 e C for all trials. No 
strenuous physical activity was allowed for 24 hi preceeding 
either trial, both took place during the pre-ovulatory, phase of 
the subjects menstrual I cycles. 

The subjects reported to the lab after abstaining from catl¬ 
ing for four hours, and for the smokers, abstaining from smokr 
ing for the past twelve hours. Height and weight were meas¬ 
ured. ECG' leads were attached. The subject then rested 
quietly seated on a chair on the treadmill. After 5 min of rest 
the subject began breathing through a mouthpiece and valve. 
During the tenth minute of rest, heart rate, minute ventilation, 
oxygen uptake andharbon dioxide output were measured! The 
subject then rested for an additional 5 min during which, in 
the experimental trial only, smoke was injected into the in¬ 
spired air. All measurements were repeated. 

Once resting measurements were completed, the subject 
ran for 20 mm at approximately 70% of their Heart 

rate was monitored continuously and recorded for the last ten 
seconds of each minute. Oxygen uptake and CO : output were 
measured every fifthminute. End-tidal CO : and 0 : were mea¬ 
sured for six seconds at the end of each five minute segment. 
During the final minute of the run a< rating of perceived exer¬ 
tion rRPE'pwas obtained (Borg 1973V. Then without stopping, 
the treadmill grade was increased by 2 every 2 min there¬ 
after until the subject indicated that she could no longer con¬ 
tinue the exercise. During the last minute of each incremental 
stage and'the final minute of exercise F E , K 0 ., and V COm were 
measured. PtrCO^ and PrrOi w-ere measured for the list six 
seconds of each stage. Heart' rates were monitored and re¬ 
corded the last ten seconds of each mim-ie. RPE wa$ obtained 
at the end of exercise. Five minutes post exercise ai venous 
blood 1 sample was;obtained from an antecubitai vein for car- 
boxyhemoglobin and lactate analysis,. 


Instrumentation 

Oxygen uptake (J' 0 J and carbon dioxide output (K r£K ) were 
calculated!based on open 1 circuit spirometry. Minute ventila¬ 
tion was obtained from a dry gas meter: adapted to drive a 
chart recorder. Fractions of expired 0 : and CO: "ere meas¬ 
ured from a mixing chamber using oxygen ( Applied Electro¬ 
chemistry S-3A) and carbon dioxide i Beckman LB-2) analy¬ 
zers. PnrCO; and P hT 0 : were measured at the Ibvell of the 
mouthpiece using a modified triple JUalve and previously 
mentioned gas analyzers adaptea to the breathing valve. Ve¬ 
nous blood was analyzed for lactate using the Strom Techni¬ 
que (Strom I'SM')). Carboxyhemoglobin levels were obtained 
bv co-oximetry (Instrumentation Laboratory). Statistical '.inter- 
pretation of the data was completed using either a one-way or 
two-way analysis of variance with repeated measures. ATukey 
HSD test was applied ^posteriori when necessary to determine 
the exact nature of the significance. The 0.05 level of signify 
cance was used for all computations 

During the smoke trials a pump apparatus was employed 
that simultaneously smoked cigarettes, captured the smoke 
and pumped the smoke into the inspired air. The cigarettes 
were smoked by the machine at a rate of one per four minutes 
at rest and two per six minutes during exercise. The pump ap¬ 
paratus was positioned out of sight of the subjects. No smo¬ 
king occurred before the subject had been on the mouthpiece 
and nosedips for at least 5 min. The pump was turned on for 
bothitrials so that the sound of the motor would be similar for 
both experiments. Also, the subject was given no information 
as to which trial involved the smoke until both trials were 
completed. 


ly- 

Resuits 

Maximal oxygen uptake during the control! trials 
was 2.39±Oil5; li- min" 1 or 41!.] ±2:8 
ml ■ kg" 1 ■ min " 1 (Fig: 1): Passive inhalation of 
smoke significantly reduced the V&. to 
2.13 ±0.14 1 • min “ 1 or 36 m 6*z:2.6 

ml * ke‘ 1 * min" 1 (/?<0.05). It also reduced the 
duration of exercise from 25.75 ±0.85 min to 
23.63 ± 1.1(6 min {P< 0:05). The presence of smoke 
increased the maximal R value from 0.93 ±0.03 
during the controls fo 1 01± 0.04 indicating a 
greater C0 2 output at a given K 0 ,. The rating of 
perceived exertion at the end of the control trials 
averaged 16.5 ±0.6 units and was significantly in¬ 
creased to 17.4 ±0:6 units during the smoke trials 
(Fig. 2). Maximal heart rate responses were simi¬ 
lar for both conditions averaging 194 ±2 



REST SU 3 MAXIMAL MAXIMAL 

EXERCISE EXERCISE 


Fig. I. Mean (±SEM) F 0 . and F co . (l-min~') ai rest and 
during exercise with (hush marks) and without (open) smoke in¬ 
halation. * significant difference (p<0j05) no' smoke vs 
smoke 
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Fig. 2. Rating of perceived exertion during submaximal and 
maxima] exercise with (hash marks) and without (open) smoke 
inhalation (Mean ± SEM)J * significant difference (p < 0.05) no 
smoke vs smoke 
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Fig. 3. Hfcart rale responses at'rest and dunng exercise with 
(hash marks) and'without {open) smoke inhalationi (Mean ± 
SEM). - significant difference (/><0.05) no smoke vs smoke 


bts • minr 1 (Fig. 3). Post exercise venous blood 
lactates averaged 6:8 mM dunng the smoke trials, 
significantly greater than the controls (5.5 mM), 
As noted! in'Tabie 1, similarities between controls 
and smoke trials existed for maximal minute 
ventilation, PetC 0 3 , and! P ET 0: . The presence of 
smoke increased the V E /V 0 . ratio at maximal ex¬ 
ercise from a mean of 30.5 to 33.5 1 of air per liter 
of oxygen (P< 0.05); 

Submaximali exercise resulted! in an oxygen 
uptake of 1.82 ±0.09 1-min" 1 (31.3 ± lift 

ml * kg" 1 • min“ J ) during the control trials which 
represented 73 ±3% (Fig. 1). Inhalation of 

smoke did not significantly affect the submaximal 
V Q ^ (185 ±0.08 1-min’ 1 ) but increased the rela¬ 
tive intensity to 76±3% of the smoking trial 


R. G: McMurray ct al.: Exercise and residual smoke 

Vo,_. The inhalation'of smoke significantly ele- 
vated'the C0 2 output by 100 ml-min" 1 ; P<0.05 
(Fig: ]): Consequently, R values were also in¬ 
creased with passive smoking (con¬ 
trols-0.86 ± 0.02 vs smoke *=0.91 ±0.03). Heart 
rates during the submaximal exercise control 
trials averaged 172±3 bts • min“ 1 and were sig¬ 
nificantly increased to 178 ±4 bts-min" 1 by 
breathing the smoke (Fig. 2), RPE was also inr 
creased dunng the smoke trials from 11.8 ±0.3 to 
13:8 ± 1.0 units (Fig. 2). Ventilation was similar 
for both'trials as was P £T CO> and P ET 0- (Table 
1 ). 

At rest, inhalation of smoke significantly in¬ 
creased the average heart from the normal of 
81 ±3 bts • minto 90±4 bts-min“ r (Fig. 3). 
Resting oxygen uptake was 0.23 ±0.03 lmin" 1 
for the controls and was unaffected by the smoke 
(0j22'±0.02 1 • min" 1 ). Resting ventilation was not 
altered by the presence of smoke, nor was CO : 
output or R value. The presence of smoke raised 
the carboxyhemoglobin hemoglobin lfcvels of the 
non-smokers from a pre-level of 1.1% to 2.2% at 
the end of exercise. 


Discussion 

The results of this investigation support the con¬ 
tention that involuntary inhalation of residual 
smoke lowers maximal exercise capacity and al¬ 
ters submaximal! exercise response. The reduction 
in maximal performance is directly attributable to 
the carbon monoxide from the inhaled' smoke 
binding with the hemoglobin (COHB) and reduc¬ 
ing the oxygen carrying capacity. Rowell (1969) 
and Lamb (1984) have suggested that a maximal 


Table 1. Respiratory responses dunng resting, submaximal 
(Mean ± SEM) 

and maximal 

exercise with and 

without the presence 

of smoke 


Rest 


Submaximal 


Maximal 





exercise 


exercise 



No 


No 


No 



Smoke 

Smoke 

Smoke 

Smoke 

Smoke 

Smoke 

Ventilation 

6.97 

6.13 

50.04 

52.51 

72.82 

71.51 

(1 - min -1 : BTPS) 

0.64 

0.52 

2.33 

3.39 

5.52 

5.42 

K e /K 0j ratio 

30.8 

28:0 

27,5 

28.4 

30.5 

33:5 


1.1 

1.4 

2.1 

2.2 

1.9 

2.2 

End-tidal CG 2 

34.9 

35.4 

33.1 

31.8 

30.9 

33.5 

(mm Hg) 

0.6 

0:7 

H2 

1.5 

0.9 

1.3 

End-tidal 0 2 

96,8 

97.2 

98.7 

101.5 

104.2 

104.7 

(mm Hg) 

1.9 

1.8 

2.5 

2.4 

3:2 

2.8 
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exertional levels, up to 90% of the oxygen carry¬ 
ing capacity may be needed. If the smoke reduces 
this capacity, the muscle cannot attain' the high 
rate of aerobic metabolism unless cardiac output 
is further increased] Since maximal heart rates 
were similar during the control and smoke trials, 
the cardiovascular system seemed to be maxi¬ 
mally taxed. Therefore, any reduction in the ox¬ 
ygen, carrying capacity would reduce maximal 
aerobic performance (K 0 , * Q-x(q-v) 0:). 

The greater lactate at a lower F c , during the 
smoke trials indicates a greater reliance on anae¬ 
robic metabolism. This alteration is attributable to 
the increased COHB levels. As a consequence of 
the anaerobiosis, an increase in C0 2 output via 
the bicarbonate buffer system would be expected! 
Our results support this response as C0 2 produc¬ 
tion' at a given V 0t was higher during the smoke 
trials. Therefore, the combined effect of the re¬ 
duced oxygen carrying capacity and the concomi¬ 
tant increase in lactate resulted in a reduction in 
subjective maximal aerobic power and the dura¬ 
tion of exercise during the residual smoke trials. 

Examination of our maximal results suggest 
that the subjects may, not have attained true maxi¬ 
mal capacity during the smoke or control 1 trials. 
Although maximal heart rate responses were 
within normal range for the subject's respective 
ages, other indicators, such as R values over 1.10 
or lactates over 8 mM (Lamb 1984) suggest that 
did not reach maximum. Since the subjects were 
relatively untrained and since the protocol in¬ 
volved approximately 20 min of high intensity ex¬ 
ercise before the incremental work to maximum, 
it is likely that they fatigued before attaining max¬ 
imal'capacity, We did note that the V 0 , during the 
screening was higher and R values were above 
1.10. Therefore, we believe that the efforts during 
the control and smoke trials represent the best 
subjective effort they could attain. 

Passive inhalation of cigarette smoke signifi¬ 
cantly altered the submaximai heart rate and R 
values. Heart rates were increased by approxi¬ 
mately 6 bts • min~‘ in an attempt to improve cel¬ 
lular oxygenation, as a result of the elevated 
COHB. The increased R value during submaxi¬ 
mai exercise smoke trials may indicate a shift to¬ 
ward greater utilization of glucose or glycogen (as 
a result of the reduced oxygen). The shift may not 
be important during short periods of exercise, but 
during prolonged exercise the carbohydrate stores 
could become depleted resulting in an earlier on¬ 
set of fatigue (Karlsson 1979). The possibility also 
exists that the elevated R was a passive result of 
C0 2 produced by the cigarettes. 


I99 1 

Passive inhalation of cigarette smoke resulted 
in a 1% increase in carboxyhemoglobin levels of 
our non-smokers. Personal communications with 
the United States Environmental Protection 
Agency have indicated that the carboxyhemoaio- 
bin levels of the present investigation'are repre¬ 
sentative of breathing air from a smoke filled' 
room. Also, Russell (i 1973) noted that spending 
78 min in a smoke filled room resulted in>carbox- 
yhemoglobin levels increasing an average of one 
percent Therefore, we are confident' that our re¬ 
sults are representative of normal passive inhala¬ 
tion of sidestream, or residual smoke and not the 
direct inhalation from a cigarette. 

The subject's awareness of the smoke was re¬ 
duced by injecting it into the air line from> a hid¬ 
den machine. The subjects never came off the 
mouthpiece or removed the noseclips, thus pre¬ 
venting smelling the smoke. All of the smokers 
could tell when they were breathing the smoke 
but none of the non-smokers knew for certain. In 
fact, two of the smokers told usthe brand name of 
the cigarettes! Therefore, it seems that the smok¬ 
ers were more sensitive to the presence of the 
smoke, in agreement with Maksud and Baron 
(1980)i 

Although the number of subjects in the study 
were relatively small, the results imply that pas¬ 
sive inhalation of cigarette smoke has a signifi¬ 
cant detrimental effect on exercise performance, 
specifically, by reducing maximal aerobic power 
and endurance capacity and increasing the need 
for anaerobiosis. The results suggest people parti¬ 
cipating in activities that demand high' intensity 
for a prolonged period should avoid smoke fiilfed 
areas. 
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Ten subjects were used, all of whom were coronary heart 
disease patients in whom exercise would induce angina. They were 
exposed to ETS either in a ventilated or an unventilated room. 
They were then given an exercise test using a bicycle ergometer. 
Aronow reported that ETS exposure produced a variety of adverse 
cardiovascular changes, but most importantly a decrease in the 
duration of exercise until angina. This effect was greater in an 
unventilated room than in a ventilated room. 


Comment 


The 1978 Aronow report is widely recognized in the 
literature as being highly questionable. Even the 1986 Surgeon 
General's Report discussed criticisms of this report in terms of 
the endpoint, angina, being based on subjective evaluation and the 
lack of control for a variety of factors. 
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Abstract The effect of passive smoking on exercise- 
induced! angina in a well ventilated and in an unven¬ 
tilated room was evaluated in 10 patients with angina. 
Patients exposed to 15 cigarettes smoked within two 
hours in a well! ventilated: room or an unventillatfed 
room increased their resting heart rate, systolic and 
diastolic blood pressure, and venous carboxyhemo- 
glbbin and decreased their heart rate and systolic 
blood pressure at angina. Patients exposed to passive 
smoking in an unventiiated room had a larger in¬ 


crease in resting' heart rate, systolic and diastol¬ 
ic blood pressure, and venous carboxyhemoglobin 
and a greater reduction in heart rate and systolic 
bibod pressure at angina. The duration' ofi exercise 
until angina was decreased 22 per cent after passive 
smoking in a well ventilated room (P<0.001), and de¬ 
creased 38 per cent after passive smoking ini an 
unventiiated room (P<0.001); Passive smoking ag¬ 
gravates angina pectoris. (N Engl J Med 299:21-24, 
1978) 


P ASSIVE smoking is the breathing of smoke-con¬ 
taining air composed of mainstream smoke ex¬ 
haled by smokers and! of sidestream smoke, which 
leaves the burning end of the tobacco product during 
puff intermissions. The amount of smoke produced, 
the depth'of inhalation on the part' of the smoker,, the 
ventilation available for the removal or dispersion of 
the smoke,, the nearness of the nonsmoker to the 
smoker and the duration of the exposure to the pol¬ 
lutants in tobacco smoke influence the passive smok¬ 
er’s absorption of the atmospheric pollutants caused 
by smoking. 1 

In patients with angina pectoris angmai pain 
develops sooner after exercise when they have smoked 
high-mcotine cigarettes, 2 low-nicotine cigarettes 1 or 
non-nicotine cigarettes. 4 The effect of passive smoking 
on duration of exercise until angina pectoris alko 
needed: to be investigated. Therefore, I performed a 
randomized study evaluating the effect of passive 
smoking, in a ventilated room and in an unventiiated 
room oni duration of exercise until the onset of angina 
pectoris. The data from this study are reported below. 

Materials and Methods 

Ten men, with a mean age of50±8.1 years (;±1 S.13.). who Had 
classic stable exertional!angina pectoris and angiographic evidence 
of severe coronary-artery disease wuh >75 per cent narrowing of ai 
least one major coronary, vessel! were subjects. Eight subjects were 
ex-smokers. Two subjects smoked two to four cigarettes daily but 
did! not smoke for at least 16 Hours before the study ur during the 
study on each of the three study mornings. After careful explanation 
of the risks involved, written informed consent was obtained from 
ail lO men with angina pectoris who participated inithis study. The 
subjects understood the experimental:design;,Care was taken dur¬ 
ing the informed-consent discussion not to introduce psychologic 
factors related to the risk of passive smoking. 

The* 10 subjects were familiarized with the equipment and thr 
procedures and practiced exercising upright on a (Collins* constant- 
load bicycle ergometer before the studv began. The study was per¬ 
formed on three consecutive mornings. 


From the Cardiovascular Section, Medical Service. Lang BtacH i Veterans 
Administration HuspualJ and the University of California Colltgc of 
Medicine. Ifvtne (address reprint requests to Dr. Aronow at the Cardiovas¬ 
cular Section, Veterans Administration Hospital. Long Beach. CA 90822 )j 


On three successive studv mornings.,ar8 o'clock, with the subject 
in the fasting state, venous blood was drawn and analyzed!for C ar- 
boxvhemogiobm and hemoglobin'levels with a 182 Co-Oximeter + 
Then, Leadi 2 and V, were simultaneously recorded with an elec¬ 
trocardiograph with the patient sitting om the bicvcle ergometer 
The resting heart rate was obtained fromithis electrocardiogram 
The resting blood pressure was then measured with a mercury 
sphygmomanometer 

Each subject then exercised upright an the bicycle ergometer 
with a progressive work Ibad until the onset of angina pertnris, and 
the duration of exercise was recorded with a stopwatch, The patient 
was monitored by telemetry with Leads 2 and V v throughout exer¬ 
cise., An electrocardiogram with Leads 2 and V, simultaneously was 
recorded at the onset of angina pectoris. The heart rate was ob¬ 
tained from this electrocardiogram The blood pressure was 
recorded at the onset of angina pectons, with the patient continu¬ 
ing to exercise until the blood pressure was obtained 

!h a room 3:51 meters (115 ft) long. 3.20 meters ( I0 j 5 ft) wide 
and 2.74:meters (9 0 ft) high, near the research exercise laboratory, 
the subject then sat with'three asymptomatic volunteers for two 
hours. The patient and asymptomatic volunteers talked, readfoews- 
papers or magazines or listened to music. On one morning, thr 
asymptomatic volunteers did not smoke. On a second morning, 
each of the asymptomatic volunteers smoked five cigarettes, his or 
her own brand, during the two hours. The room was well ven¬ 
tilated, with a ventilation rate of 11.4 volumetric air changes 
per hour. On a third morning, each ofl the asvmptomatic volun¬ 
teers smoked five cigarettes, his or her own brand, during the two 
hours, with the room unventiiated. The order of exposure of the 
patients wuh angina pectoris to no smoking, smoking in' a well 
ventilated room or smoking in an unventiiated roomiwas random¬ 
ized. 

After exposure to no smoking for two hours, exposure to passive 
smoking for two hours in a well; ventilated room, and exposure to' 
passive smoking for two hours in an unventiiated room, the patient 
sat on the bicycle ergometer and had an electrocardiogram with. 
Leads 2 and V; simuhaneouslv recorded. The heart' rate was 
measured from this electrocardiogram. Then, the blood! pressure 
was recorded with a mercurv sphygmomanometer. Venous blood! 
was next drawm and analyzed for carboxyhemoglobin and! 
hemoglobin levels. 

.Subsequently, the patient exercised upright on the birvrle 
ergometer until the onset uf angina pertons, and the durationoflex- 
ercise was recorded wuh a stopwatch. An electrocardiogram wuh 
Leadi 2 and V v was simultaneously recorded at the onset of angina 
jtecttiris. The heart rate was obtained from this electrocardiogram. 
The blood pressure was recorded at the onset of angina pectoris, 
wuh the patient continuing to exercise untii thc blood pressure was 
□blamed. The physician who performed the exercise tests knew 
whether ihe patients were exposed to no smoking, smoking in a well 
ventilated room or smoking in an unventiiated room. 


•Wirren E. Collins, Ihc.. Braintree. MA. 


^Instrumentation Laboratory, Ihc.. Lexington. MA, 
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In rhe asymptomatic volunteer smokers venous blood was drawn 
and analyzed for carboxvhemoqlobm before and after smoking of 
five cigarettes each during two hours. The same smoking volunteers 
were present for the successive study mornings. Written informed 
consent was obtained from these volunteers 

The data were analyzed with Student's t-test for correlated 
means. 


R FAULTS 

Table l indicates the duration of exercise in seconds 
until the onset of angina pectoris for each patient and 
the mean exercise duration ±1 S*D. in the three con¬ 
trol periods, after exposure to no smoking, after ex¬ 
posure to smoking in a well ventilated room and after 
exposure to' smoking in an unventilated room. Table l 
also presents the statistical analysis of the differences 
shown. 

Tablb 2 shows the resting mean heart rate, systolic 
and diastolic blood pressure, product of systolic blood 
pressure X heart rate/TGO; and venous carboxyhemo- 
globin ± l S.E>. in the three control! periods, after ex¬ 
posure to no smoking, after exposure to smoking in a 
well ventilated room and after exposure to smoking in 
an unventilated 1 room. Table 2 also presents the 
statistical analysis of the differences shown. 

Table 3 indicates the mean heart rate, systolic and 
diastolic blood pressure, product of systolic blood 
pressure X heart rate/100 and amount of exercise- 
induced'ST-segment depression at the onset of angina 
pectoris, ± 1 S.D. in the three control periods, after ex¬ 


posure to no smoking, after exposure to smoking in a 
well'ventilated room and after exposure to smoking ini 
an unventibted room. Table 3 also presents the sta¬ 
tistical analysis of the differences shown. 

The mean venous carboxvhemoglobin in the vol¬ 
unteer smokers rose from 5.87±0.90 per cent hefoic to 
9.75±!.05 per cent after smoking in; the well ven¬ 
tilated room (P<0.001)i The mean venous (anhuicy- 
hcmoglobin in the volunteer smokers rose fiom 
5 1 92 ±0.95 per cent before smoking in t he unvan dated 
room to 9.H3± 1.19 per cent after smoking in the un- 
ventilated room (P<0.G01)i 

Premature ventricular beats were not recorded in 
the electrocardiogram before exercise or after exercise 
in any patient during the three control periods or after 
exposure to no smoking or to passive smoking in a well 
ventilated room. After exposure to passive smoking in> 
an unventilated roomi one of 10 patients (10 per ceni) 
had three premature ventricular beats per minute 
recorded in the electrocardiogram before exert ivc, and 
three of 10' patients (.30 pen cent)' had premature 
ventricular beats recorded in the electrocardiogram 
after exercise. One patient had seven premature ven¬ 
tricular beats immediately after exercise, with pre¬ 
mature ventricular beats lasting for five minutes; one 
patient had 10 premature ventricular beats per 
minute immediately after exercise, with premature 
ventricular beats lasting for eight minutes, and one 
patient had 12 premature ventricular beats per 
minute immediately after exercise, with premature 
ventricular beats lasting for 14 minutes. 


Table 1. Duration of Exercise until Angina in i the Control Periods* and after Exposure to No Smoking. Smoking in.a Well 

Ventilated Room and Smoking in an Unventilated Room. 
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192 
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132 

6 

287 

310 

304 

243 

312 

198 

7' 

::i 

215 

213 

158 

232 

135 

8 

216 

223 

207 

155 

209 

124 

9 

195 

:oa 

186 

144 

200 

129 

10 

231 

224 

227 

172 

218 

125 

Mean, 

231.6 

241.9 

232.3 

181 .lt 

233,7 

145 8t* 

± SO 

±57.9 

±67i8 

± 68 4 

±52.4 

±64 8 

±36.9 


•Control values *«rc measured on eaith ,of the three iij%s Pefdre exposure or n.»n-e\powrc wi >mokc 

♦I'CUUUI fur exposure uismokmg in *eili venuUtcd room , minus respect uc ^ntrui i .«» to explore iu no unolrni mmui respective control or for exposure 

to smoking m unvemibled room mmu> respective control ji compared to cipaiuK to w rmn»t respective control. 

JP <0 UOl for eipoiure to smoking in umeniiiaied room minus respective control at compared 10 esposure to smokint in -ell vemiUted room minus respective control. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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Table 2. Resting Mean.Heart Rate. Systolic and Diastolic Blood Pressure. Product of Systolic Bldod Pressure x Heart Rate/1 00 
and Venous Garboxyhemoglobm in the Control Periods and after Exposure to No Smoking. Smoxing m a Well Ventilated: 

Room and Smoking in an Uhventilated Room (±1 S.D.)J. 


Msx>L«>'trsT* 

fcvrmLik TO i 

hxptiXLiR* to: 

Etrtm uf to 

I’lXMlM ■ » Tl> 

htwuuit ru 

RU ro 


No Smoxing 

NO SMClRINti ; 

Smoxivg in 

S VNISIM* IN 

Ss*l>XJS4. IN 

Snoring is 


— Control 


Wmi 

V* SI 1 

Ussssru a r mi 

Uvips ru Af mi i 




V> Sill A If II 

Vi niii m mi 

Hi him — 

Hi MIN 




H i h im — 

Com RtiL 

Hi mix* 

(.uxriiH 


Heart raie 

72.4 

70.6 

72.1 

772 

72.9 

80 5 

(beais/minl 

±7.7 

±7,1, 

±7 3 

±6 Xt 

±7.8 

±7 5 n 

SBP (mm Hg) 

122.8 

122,0 

122.6 

127 5 

123.2 

130.7 

±4.9 

±4.5 

±5.6 

±5.9t 

±4 4 

±4 6+V 

DBP(mm Hg) 

79.2 

78.6 

79 4 

82.9 

79 8 

85.4 

±2.5 

±2,5 

±3.3 

±3.It 

±2,0 

±1 8tv 

Heart rale 

89.0 

86.2 

88.4 

98.5 

89 8 

1052 

X SBP/100 

±11L0 

±9.6 

± 10 3 

±10. It 

±10.2 

±I02U 

Carbox> hemo¬ 

1.29 

1.26 

1.25 

1.77 

1.30 

2.28 

globin m 

±0.22 

±0.18 

±Qj20 

±0.l6t 

±0.18 

±0.15tt 


*'SBdenotes sxmuIiic blood pressure it UHP diasioiic blood presvuie 

t ! p<0.001 for exposure to smoking in well ventilated room minus respective control js eumparrd 10 exposure to no smoking minus respective control or for ciposure 
10 smoking; m un ventilated room minus respective control as compared to exposure to no smut mg minus respective control 

|P<O.OUl for exposure to smoking in unvemitaied room minus respective control as compared 10 exposure to smoking in well ventilated room minus respective control. 

$P<Q 00J for exposure to smoking in unvenuUted room minus respiecnve control as compared lo eiposure to smoking in well ventilated room minus respective control. 


Discussion 

The data from this study clearly, demonstrate that: 
under the conditions of this experiment, passive 
smoking causes anginal pain to develop sooner after 
exercise. The duration of exercise until angina pec¬ 
toris is also decreased more after passive smoking, in 
an unventilated room than after passive smoking in a 
ventilated room. 

Smoking high-nicotine 11 * or low-nicotine ;:s ciga¬ 
rettes causes an increase in resting heart rate and in' 
systolic and diastolic blood pressure in patients with' 
angina pectoris, increasing their myocardial oxygen 


demand. This increase in heart rate and inblood pres¬ 
sure does not occur after smoking of non-nicotine 
cigarettes 4 - 5 or after breathing of carbon monoxide.** 1 
The increase in heart rate and systolic and diastolic 
blbod pressure at rest in our patients with angina pec¬ 
toris after exposure to passive smoking was presum¬ 
ably due to absorption of nicotine. 

Russell and Feyerabend’ showed that after normal 
exposure to tobacco smoke, nicotine was present in 
urine collected during the early afternoon in 26 of: 2 7 
nonsmokers (96 per cent). The mean urinary nicotine 
level of these 27 nonsmokers was 10.7 1 ng per milliliter. 

Russell and FeyerabcncT also had: 12 nonsmokers 


Table 3. Mean Heart Rate. Systolic and Diastolic Stood Pressure. Product of Systolic Blood Pressure x Heart Rate/,I00j.and 
Exercise-Induced ST-Segment Depression at Onset of Angina in the Control Periods and after Exposure to No Smoking. 
Smoking ini a well Ventilated Room and Smoking in an Unventifated Roomi(±1 S.D.). 


WkASLRIM^VT* 

Expose xxro 

EXPOSURE TO 

Lxinixlrf to 

txmuit to 

EXPOSURE TO 

EtrmLK to 

No Snoring 
— Control 

No Snoring 

Snoring in 

WfciL 

VtNTIt AflO 

Hoon — 

CiNlkui' 

Snoring in 

Wn.t 

Vf ntiuatro 

Room 

Snoring in 

Un' s.ntilatid 
Room 

Control 

SCORING IN 
UN> I NTILATi'D 

Room 

Heart rate 

128.7 

129 7 

128.9' 

122.8 

128 4 

119-9 

(beais/mtn) 

±5.6 

±5.6 

±4 4 

±4.7t 

±5.3 

±5.0tt 

SBPtmm Hg) 

156.4 

157 2 

156 1 

150.4 

155 6 

147 4 

±7:6 

±7.4 

±7,2' 

±7.8t 

±6.9 

±7.8t{ 

DBRfmm Hg) 

80.2 

79 8 

8110 

8115 

81.3 

81.8 

±3.3 

±2:9 

±12 

±3 4 

±3:1 

±22 

Heart rate 

201 4 

203.9 

201.2 

184 7 

199 8 

176,7. 

X SBP/ 100 

±14.7 

±14.0' 

±118 

± 12.31 

± iil .9 

± 11 9tt 

ST-segmcnt de¬ 

1.38 

HJ5 

1 33 

1 40 

1.33 

i'45 

pression (mm| 

±0.24' 

±0.24 

±021: 

±024 

H: 

p 

O 

±026 


*5BP denotes svstoltc bidod pressure 4 DBF* diastolic blood pressure. 

tPcOOOli for exposure to smoking in -ell ventilated room, minus respective control as compared to exposure to no smoxing minus respective control o» for exposure 
lo smoking in umvenwfcated room minus respective control as compared to exposure to no smoking minus respective control 

tP<JD 00l I for exposure to smoking m un ventilated room mmui respective control xs compared to exposure to smoking in well ventilated room minus respective comrol. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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sit for an average of 78 minutes among smokers in an 
unventilated; smoke-filled room with dimensions, of 
4.57 by 3.66 by 2.44 meters (15 by 12 by 8 ft). The 
smoke was produced by smoking or burning ofl 80 
cigarettes and two cigars and caused a mean carbon 
monoxide level ofi 38 ppm in the room air. Urine 
specimens collected 15 minutes after the nonsmokers 
had left the smoke-filled room revealed a mean 
urinary nicotine level of 80 ng per milliliter. 

Smoking high-nicotine,° low-nicotine 5 or non- 
nicotine cigarettes 0 causes an increased carboxvhe- 
mogtobin level, which reduces the amount of oxygen 
available to'the myocardium. Numerous studies have 
documented the harmful effects of carbon monoxide 
in patients with coronary heart disease.The 
decrease in product of systolic blood pressure times 
heart race at the onset of angina pectoris after passive 
smoking in the study reported above indicates a 
probable decrease in oxygen delivery to the myocar¬ 
dium. 

A number of investigations have shown the ex¬ 
posure of passive smokers to carbon monoxide lev- 
els ,3 ‘ ,# that may cause adverse effects in patients with 
coronary heart disease. The data from this study also 
indicate that passive smoking causes an increase in 
carboxyhemogiobin — more after passive smoking in 
an unventilated room than after passive smoking in a 
ventilated room. 

Premature ventricular beats occurred after exercise 
in three of 10 patients exposed to passive smoking in 
an unventtlated room. The increase in sudden death 
from coronary heart disease in cigarette smokers 1 '* 
may be related to lowering of the threshold for ven¬ 
tricular fibrillation bv nicotine 20 -* 1 or carbon monox¬ 
ide 22 - 21 during an episode of myocardial ischemia. 

Finally, in addition to carbon monoxide and! nico¬ 
tine, other components of tobacco smoke, including 
oxides of nitrogen and hydrogen cyanide and possibly 
psychologic factors, may have contributed! to the 
decrease in exercise performance observed in these 
patients with heart disease after passive smoking 
through effects on the cardiovascular or respiratory 
systems. For example, do the oxides of nitrogen in¬ 
haled in tobacco smoke interfere with myocardial ox¬ 
ygen 1 delivery? This possibility needs to be in¬ 
vestigated. 

1 am indebted to Clifford Roussevc and Paul Troop for technical 1 
assistance 
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Comment 


It is almost impossible to "blind" either the experimenter 
or the subjects in an experimental study of ETS exposure. Because 
of the distinctive olfactory and perhaps other sensory qualities 
of ETS, a subject will be aware of the exposure conditions and 
hence subjective reactions can influence the results. This is 
especially of concern in a study where one of the major dependent 
variables is subjective, in this case, the experience of pain 
(angina). 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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3 KHM oGpdJOM. noil) weHHhlC H3MB JlSHMbfC Ha 
Ti3TU'IH0 6'j.lbUiOM H npe2CT2BHTe-lb'HOM Mare- 
OC ,JOKa3blB3K)T CBH3b TMJ1HM HOfO flHraHHfl C 

j-iiinonporeH homh n.Taaww k pOB h b pea.ibnbjx 
jobk«it a nony.uujHH rioKaaaTc.ibHO. nto b pe* 
/v ibT:3ie Haiuero HCc/iejOBaHHH mjh6o.tcc Bupa^ 
KCH-iaH jJB.fCHMOCTb 3110 B H A* I OTMeMjCTCR 01 
>KH!)UBoro KOMOOHeHTia paiiHoHa h ot noKajaTtMew 
Maccbi Te.ia 

rio.iyWt»HHafl HHCj)0PM aUHH MO>KtT 6 blTb II 0 . 1 tfJHDfr 
J, 1 H BWpa60TKH o 6 oCHOBaHHUX JMPTM MCCKHX I 10 . 3 - 
X Oil OB npOCplLla KTiHKK JTCpOrCHHWX CABHfOB B CMC* 
TeMe ano:iHnunpOTeHMOB njiajwu KpOBH b nony.i«- 

UHH. 
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3: HI, Xa*upen. B. A. Kao*ko8 

BJ1H5JHHE cnACCHBHOrOs KyPEHHfl HA TOJ1 EPAHTHOCTb 
K OHSHHECKOR HArPy3KE y BOJIbHWX HLUEMHHECKOR 
BOJlE3HbK) CEPflUA 

CapaTOKJCMfl dmvwiJi (*Hp. — npo4>. 3. Ul. Xa^ipeM) 71eHiiHrpaAC»toro HMH Kipano^oniH 


MRKSAplia 

B HacTORWee BpeMH He BW 3 UBaeT comhchhr, ^To 
KypcHite cnoro6cTByeT pa3BHTH»o KuieMHnecKoft 6o- 
-ne3HH: ccpnua (HBC) |1, 2, 4, 5]. Phck paaBHTHR 
M 5 C yBe-iHMHBacTGR b 2^3 paaa ahu. bukv- 
pHBaiomitx Oo^ce 1 na^KH curapeT b JieHb f3, 10]. 
HkCTOTa p 33 BKTHR HHtpapKTS MHOKapiia H BHe* 
3 ailHOfi CMCpTH npRMO CBR 3 aHa C KypCHHCM | 5 , 7 ]. 

B to me BpeMR npeKpamcHHe KypeitHR chkjkoct 
Puck paciDHTHR noBTopHoroi mitpapKia MMOKapaa h 
BHeiannufi CMepTH Ha 20—50 % [ 11 . 12 ]. 

ripn npoeeaeHHH BC/io3proMeTpHqecKofi npo6u 
BbJRB.neKa OTpHUaTe.IbHafl KOppe.TRUHR MeJKity Ky,* 
pCHHCM CMrapcT H TO.Tepa HTHOCTbK) K ($>H3HUeCKOfi 
HarpyaKe [ 1J. HoKaaaHa CB«3b KOpOHaporpatpH* 

- 1 


PCOCP 

qecKH noiiTBep>KaeHHoro cna3Ma bchchhux apxe- 
pHil h vcit.icHiiR arperattHH tpom6ouhtob c Kype- 

HHCM J9]. I 

OiiKaKo noiiaD/iRKmiec Co/ibuniHCTBO MCC-ie^oea- ! 
it tin npoueaeHo cpemi KypRtiiiix, A\e^ay tcm nuna- ] 
3aHo [8, 11] , hto ,aa>Ke <naccHBHOc* Kvpotme. t. e. 
npoCTO npeCbiBairHe b naKypeHHOM oomciuchhh h 
BU btxaHHe Ta6aqHono jiUMa. oKaabiBacT BbJpa/«eH* 
hoc oTpMuaTeJibHoe bahahhc Ha coctorh we cepiieM* 
no-cocysHCTofi CHCTCMbi. D. Makkenzi [ 8 ] c'lHTacT. k 
hto e>«crojiHO oko.io tucrmh aHrjiHM3H noniOaiOT ,, 
ot nocAcacTBHfi <naceHBHoro> xypeHHR. 

Bonpoc o ^naccHBHOM* KypeHHM erne HeaocTa- 

TOHHO H3VHeH. B CBR3H C 5THM H3MH npOBeaeHO 
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HccnciiOBaHHe; ue-ibK) xoToporo Cbi.Ta oueHKa bahr- 
mur cnaccHBHoro> KypeHHR Ha noKa3aTe.iH boo- 
aproMeipHMecKOH; npo6hi y GoAbHbix HBC. 

Ron Ha6.T>oaeHHeM h3xoahach 81 mc.iobck: 10 

n p a KTH'ICCKH 3AOpOBbtX A H LI B B03p8CTe OT 25 AO 

48 act (cpeaHHfj; eo3pacT 38 act) h 71 OoAbHofi 
cTCHOKapaHen wa iipr>kchhr b BoapacTe or 31 roAa 
ao 63 act (cpeaHHH B03pacTi 49 act) . Bee o6cacao* 
uaHHwe 6 uah mvwhhhh; 

CpeAH OoAbKbix CTeHOKapiiHeH KypaiUHX (bwkv- 
PHB3K)IHHX B cpeAHeM 1 UBMKy curapei B AeHb) 
Guao 33, HCKypHUiHx — 38. CpeAH aaopoBbtx ahu 
K ypfUUHX GbJAO 5, HeKypHLUHX — 5. 

V 39 6 o/ibHhJx HBC HMCAacb cTeHoxapAJin h»* 
npHWCHHH 1 H II (|)y HKL 1 HQH 3AbHblX KAaccoB, y 32 
oo.ibHbJX — creHOKapnHR HarvpR>KemtH III h IV 
cpyHKuiiOHa^bHbix K^accoB. 15 MeJioBeK nepewecAH 
b npouiAOM TpaHCMypa.ibHbJH HHtpapKTi MHOxapAa. 
rHnepTOHHHecKofi 6o.ie3Hb>o 11 ct3Ahh crpaABAi; 
l !0 Me«noBeK. 

Bee KypRiUHe b TeneHHe 2 h no npoBeACHHR Be* 
.lOdproMeTpHHeeKofi npoGu BoaAepWHBaAHCb or xy i 
peHHR. 3f. cyTKH AO HCCJieAOBaHHH BCew GOAbHbiM 
OTMCHHAH aHTHaHrHH2AbHbie CpCACTBE, 38 HCKAK>* 
MenHev TaO.neTOK HHrporAHuepH h a. 

BeAoaproMeTpHHecKVK) npo6y hpoboahah b no.no* 
>KeHHH char Ha BeAoaproMeTpe €CHMeKC*3Aena» c 
perHCTpauneA 3KT b 3 otbcachhrx no He6y he 
cTpyflHOM noAHrpatfje cMHHrorpa4>*82». HcnoAtso* 
BaAH CTyneHMATO B03pacTa»omyK) HenpepuBHyio Ha* 
rpysKy AAHTCAbHOCTbio 3 mhh c n oca e aob a re a b huh 
npHpaiaeHHew; moiuhocth Ha 25 Bt. FIphmhhoA npe* 
KpaUICHHR BeA03pr0MeTpHHeCK0fti npoCbl CAyJKHAK 
;!OCTH>KeHHe CyGMaXCHMaAbHOA HBCTOTbl nyAbCB, 
CMeuieHHe cerMeHTa ST ropH 30 HT 8 AbHoro h koco- 
HHCxoARLuero rnna hhjkc hsoahhhh hb l mm h 6o- 
acc. B03HHKHOBeHiie th nHM hoto npHdyna ctcho- 
KapAiiHi, KymipyxuuerocR npHCMOM hhtpota Huepn* 
na. HHBepewR ayOua 7 b 2k OoAee otbcachhrx. 

npH oueHKo BCAosproMeTpHMecKofi npoGbi yHH* 
TbiBa.iM CAeAyHDLLiHe noKa3areAH: TOAcpaHTHOCTb k 
narpy3Ke (b b aTTiax ) , ABoftnoe npoH3BCAeHHe — 
ill! (b vcaouhwx eAHHHuax) h othoilchhc RU k 
mo imocth Harpy3KH (XLfl/BT). 

McCACA 0 B 3 HMC npOBOAHAIi B KOMHBTe nAOiliaAbK) 
24 M\ BWCOTOfi 3,2 M, B KOTOpOft GblA VCT 8 HOBACH 
HCA 03 pr 0 MCTipi BnanaAe B oGbiNHUX yCAOBHRX 06 - 
ca CAOBa h h bj m npoBOAHAH BeAoaproMeTpHMecKyx) 
npoOy no oriHca hhoh Bbiuje mctoam« e. 3aTew b no* 
BbJKypitBa ah 8 cwrapeT b TeMeHHt 2 h 
( no 1 ennapere Ka>KAbie 15 mhh). Bee 3T0 Bpewn 

oOCACAOnAMHblC H3X03HAHCb B KOMHaTe: CHA 6 AH B 
Kp^cje. 'Hit a ah >KypnaAbJ, GeceAOBaAK, nrpaAH b 
L uaiuKH; ncx:Ae 2-MacoBoro npe 6 «BaHHR b HaKypeH* 
tioM noMcmeHiiH npoBOAHAH noBTOpHyro BeAoapro- 
viefpipivcKVK) npo 6 v. 

7l!.i« !5 oOcACAOBamibix npofia 6uAa moah0huh* 
pouana: b tomchmo 2 *i npeObJBaHHR doAbHbix b ho* 
KVpVHHOM novemOMHH CTO ABa^KAW (B KOHUe Ka>«- 
.lono ‘ineol npoiuMpnBaAH b TCMenne 10 mi i ni*pc3 
(ppa'Mvry n.nomaAb'O 0|5 m : . 


JIar ioro mo6u ycT3H0BHTb.-ne bahrot ah npo< 
BCACHHe npfcABapHTCAbHOH BeAOSprOMeTpHHCCKOA 
npo6bi Ba. ee noKasaieAii npn iiobtophom npoBeAc* 
HHH nporfW MCp03 2 '!, y 10 COAbHUX GTeHOKapAHeM 
HanpR>KeHKR II — IV <p. VHKUH0H2 * nb,,0r0 KAaeca 
(cpeAHHfl B03pacr 48 act) toacp a hthoctk k h a* 
rpyaxe HCCAeAOBaAH ab3>kaw c hH iepBaAOM 2 u; 
nocAe npe6uBaHHfi b onHcaHHnw Buiue no* 
wemeHHH, b Koropow «e KvpKAH. OK33a* 
AOCb, HTO HCXOAHaR TOAepaHTiHOCTb K Harpy3KC B 

rpynne coeTaBHAa b cpeAHeM 62.5±: 1.4 Bt, a npw 
noBTOpHOM HccAeAOba hhh sepe3 2' n — 70±2,0 Bt 
(y 3 OoAbHUx cTeHOKapAHeH nanpR>KeHHR npn 
noBTopHOM npoaeAeHHH npoOu OTMeneHO noBbtuie- 
HHe TOAepaHTHocTH Ha 1 cryneHb — 25 Bt) ! . 

II poBeAeHHHe necAeAOBaHHR noATBcp)KAa >ot npa- 
BOMepHOCTb HCn0Ab30BBHHR napHwx BeAO3pr0MeT* 
pHHecxHx HarpysoK, o neM cBHAeTeAbCTByeT h hihk 
pOKHfi OHblT HX HCn0Ab30BaHHR y Hac B CTpaHC H 
aa py6e>«0M npH noAOope OoAbHNM aHTHaHTHHaAb* 
h wx npenaparoB. 

IlpoBeAeHHue hccacaobbhhr noKaaaAH, hto b 
rpynne npa kthmcckh 3AopoByx ahu TOAcpaHTHOCTb 
k Harpy3Ke ao npeObiBBHHR b HaKypeHHOM noMe* 
rneHHH b cpeAHew coeTaBHAa 192^:5,5 Bt, RU — 
246rb7,2 >*cal eA., a noKa.vaxeAb RU/br — 1.3±: 
±0,04. FlocAe €naccHBHoro> KypeHHR TOAepaHT* 
HOCTb k Harpyaxe b arofi rpynne coeTaBHAa !97± 
±5,7 Bt, An — 238±7,1 vca. tn. h JIFI/Bt — 
1,2±0,03. TaKKM 06pa30M, CTaTHCTHMeCKH 3H»HH* 
MblX pB3AHHHft B nOKa38TeARX BCAOSprOMeTpHMe* 
ckoA npoObi ao h nocAe cnaccHBHoro» KypeHHR y 
3AODOBUX AJOAeA BblRBAeHO He ftblAO. 

y 60AbHwx HBC paaAeAbHo naynaAM pe3yAbTa- 
Tbi npofiu c cnaceHBHUM> KypeHHew St3 nposeTpH* 
bbhhr noMeuieHHR (1 *r rpvnna) h npn xpaTKo* 
BpeMeHKOM npoBeTpHBaHHH KOMHaTbi (2 *r rpynna). 

B l*ft rpynne OoAbHbix creHOwapAHeA HanpRHce* 
hhr cpeAHRR TOAcpaHTHOCTb k Harpy3X« ao npoBe* 
achhr npo6u c cnaccHEHUM» KypeHHeM b Henpo- 
BeTipHBaeMOM noMeiueHHH coeTaBHAa 87±2,6 Bt, a 
nocAe npofibi — 63±1,8 Bt (/?<0,01). npimh hbmH 
npexpauieHHR BeA03proveTpHMCCKofi npo6u ksk 
ao,, Tax h nocAe KypeHHR y 21 MeAOBexa 6wa npH* 
CTyn CTeHOxapAHH nanpfl >xchhr, v 18 — cMeuie- 
HHe cerMewia ST Hn>xe h 30 Ahhhh kb l mm h ftoAee, 
y 4 — HiiBepcHR 3 v6uob T h: y 3 — AocTH)«euiie 
cyOMaKCHMaAbHort MacTOTU cepAenutix coKpauie* 
hhA. 

Flo a BAHRHHew cnaccHB«oro» KypeHHR y 6o.nb* 
HblX CTCHOKapAHeA H 3 npH /KCHMR GHH >KaAaCb TO* 
AepaHTHOCTb x Harpyaxe. vMeHbLuaAOCb HD m yBe* 

AHMHBaAOCb OTHOU1C1UIC JIFI/BT (TA6 a. I). yK83aH* 
Hbie H 3 MeHeHIIR OtJAH 3H 0HMTCAbHO OOACe pe3KO 
Bbip3/KCHbI V OOAbHUX CTeHOKapAHCll Hfl npR)KeHHR 

III — IV (pyHKUMOHaAbiioro KAacca no cpaBHOHHx> c 

OoAbHWMK CTiCHOK apAHLM'l 1 — II 4>VHKliHOHaAbllOrO 

KAacca. Tax. y xypRiunx OoAbHWx CTeHOKApAHeA 
Hi n pR>KeHH R *1—11 CpV H K UHOH D A bH OTO KAdCCB TO* 
ACpa HTHOCTb K HflrpV3Ke VMeHbUJMAaCb B CpeAH?M 
Ha 17 %. a y xypHUUix GoAbiiux cTenoxapAHcA na* 
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Ti j t a h u * I 


no« 3 iT^iH *e.iojproMCTpHMpc»oH npoftu y 6o.ii.Hhii ctcnompamch HinpaueNHi ao fA) ■ i»ocji« (G) 2-^oiofo n^»««M 
• HP ftpOBCT pM BlfTJOM NiaypeNHO* nOMtUiCMNM (.VJ—«l)i 



| 

\ Hcc^PMUI | 


Mic: nf .iwip' 

an« ii »np «««-•««• 

noidXJTC.IV 

A 

£ 

p 

A 

B 

0 

■ 

1 — II 

111-IV 

TcuepowTiiocTb a 
narpy 3 at. Bt 
JH. vc a. ei. 
arvBT 

T O.iepSHTHOCTb 
a warpyiae, Bt 
Z in. vca. ti. 
an/BT 

109±3,9 

I94±5.7 

1.8±0.06 

57±1.6 

I48±4.3 

2.6^0.07 

90±2,8 

182 it 515 
2.0±0.06 

3O±1.0 

126t3;6 

4.2t0.l 

<0.01 

>0;05 

>0,05 

<0.01 

<0.01 

<0.01 

I25±3.6 

183±5,4 

I.StO.05 

50±1.5 
129t 3.5 

2.610,07 

116t 3.5 
177t5J 
l.5t0.05 

28±0.S 

M 5t 3.5 

4.Of 0.09 

<0.05 

>0.05 

>0.05 

<0.01 

<0.01 

<0.01 


npfl/KCHHfl III—IV (J>y HKUHonaJibHoro K.nacca — 
na 4 :7 %. 

To.nepaHTHOCTb k 4 >H 3 i!MecKoA HarpyaKe h HIT 
noc.ne npeCwBaHHR b HaKypeHHOM noMemcHHH ot* 
MCT. 1 HB 0 CHH>Ka-lHCb BMC 32 BHCHMOCTH OT TOrO. Ky* 
pHT CaM 60 ^bH 0 ft H^IH HCT. 0 &H 3 KO y KypRUlHX 
Co.ibHhix cnaccHBHoe» KypeHne Bbi 3 biBa.no we* 
cKOJibKo MeHbiuee cHKweHHe Be-nosproMeTpn 4 ecKKx 
noKa 3 aTc.ieft t mcm y HexypHiUKx. Cieayei otmb* 
THTb, mo TaKOC pa 3 J!HHHC OTMCHa^OCb y CO-flbHblX 
c 6 o.iee jierKHM TeMenHeM c^eHOKapflHH HanpHJKe- 
hhr, Toraa Kan 6 oabHue cTeHoxapjiHefi HanpHHce- 
hhr III h IV (t»yHKUHOHa.nbHbix Kflaccos pearHpo* 
Bajut Ka cnaccHBHoo xypeHHe npaKTHMecKH oAHHa* 
KOBO HB 33 BHCHMO OT TOrO, RBTIRIOTCR OHH KypK^b* 
IUHK 2 MM KJTIH HCT. 


Bo 2-n rpynne np« npoBCACHHH npoGw c cnac- 

CHBHWM* K'ypeHHeM C KpSTKOBpCMeH H bJ M npOB^TpH* 
BSHHeM noMeuieHHR y 6o/ibHWx cTenoKapuHeA jio 
< narcHBHoro> xypeHHR cpeaHRR TO.iepaHTHOCTb k 
H arpyaKt coctaBH^a 89^2,5 Bt, noc^e npofiw — 
63±1,7 Bt (p<0,01), npHMHHawH upeKpauieHHH 
Be,io 9 proMerpHMecKofi npoCu noc^y>KHJiH npHCTyn 
CTeHOKapAHH HanpR^eHHR, KynHpy kjluhAcr npn* 
eMOM HHTpor/iHuepHHa (y 7)i, CMemeHHe cenvieHTa 
ST Ha 1 MM HM>Ke H 30 HHHHH (y 6) K HHBCpCHii 3V6* 

ua T (y 2). 

y OoribHUx oxMeMa^ocb ewpawcHHoe yMenbiue* 
HHe TO^ICpBHTHOCTH K HarpyOKt, Jin H yBe^THHCHMC 
HH/Bt. IlByKpaTHC« b tcmchhc 2 h 1 0*mHH yTHOc 
npoBepTpHBaHHe HaKypeHKoro njweuieHHH He npe* 
jioTBpauia/io 5(pcpeKTa «naccHBHoro> KypeHHH 
(to 6 a. 2) i. 

B HatueM HCCJienoBa hhh AocTaTOHHO fianbiuoe no- 
MeiueHHe 6 u.no cpaaHHie/ibHO we chaoHo 3 aauM,ne- 
ho — b HeM 6 uao BUKypewo acero 8 c«rrpeT aa 
2 K. B AeftCTBHTeAbHOCTH MW M3CT0 CT*AKHBaeMCR 
CO 3HaMHTCAbH0 60 /ibiuefl KOHUeHTpaUHCft T^CaHKO- 
ro Abiwta b noMemeHHK. OaHaxo h npH rc ..>Ab30- 
BBHHOfi H 8 M V. CpaBHHTC/lbHO HeOoflbtUQfi KOHUCHT- 

pau hh hum a b noMemcHHH «nacci;BHoe> KypeHHe 
0Ka3a/io Bbipa>KewHoe oipHuaTe^bHoe bahrhhc mb 
B cex oOc.ieaoBaHHWx OoJibHbix HBC, awpasHBiuee- 

— 114 — 


Do/JVHOfl E.. 47 act. IlKarHoa: HBC. creHOKipaM* h*- 
npRutKiift III c^yHKUHOHa.ibHoro k^bcci. Hammue 6 o.ih 3a 
rpyjHiioft. uppa.iHHpyKJiiiHe a ^eaoe n^CMO. boshhkbiot erne* 
jhcbho tipit xoiib6e. noavcMt no .letTHHue. 5 ojih b tcwhkc 
2—3 mhh npoaoa*7i noc.ie npeKpameHK* jiihhcchha mh 

npMCM* HHTpMrvniuepiiHa. npH Koponaporpa^HMecKOH wccneno* 

aaKHit buhb^ch 90 % ctchoo npanoft KOpowapHOft aptepiiH h 





\ - l\^ 


.l.mjM.iKji 3KT v ftfvn.Huro E . 47 ,nn. npH npo>f 3 tHHH »e- 
iu.i*rnutTpHMccH 0 A npo6w 30 (H) m • noc^e (b) 2*naco»oro 
H|»r 6 u»annn ■ HrnpuacTpiiBiruow HJKypPMHOU nowttUCNHK: 
* — jkT • »o«ur 6 — /»KT »n iptMi npoujt«ui MJto>proH«rp«<»*- 
t*ol npuCw OOvnixrMM » TraCTt. 


SO *fc CTCH 03 orH6a»uieft ktik .letoft KopowapdoA apiepMH. 
27.06.85 npoataeHi be^ojproMeTpMHccKaa npo6a. B noKoe. 
ao npOMACHita npoGw naTo.iorxsecKHe kjmchchmh 3Kf He 

npit npoBCieHHH peflo>proueTpHw:noA npoCu ao «naecn»* 
Horo> rypeHM* ro.itpaHTHOCTi. k H»rpy3M cocraBHaa 75 Bt. 
nn — 220 yea ex. ^R/Bt — 2.9, UpHSHia npeicpauieHM* 
•e.ioaprowerpHHeCKon npofty — npMCTyo crcftOKapaHH m cut • 
ineHMc cer«eKTa ST • 2 oi»ea«HMnx hk*c k30^mhhh hi 1 mm 
(cm. pHcy hok). 

Hocat 2-nacoBOro npe6wiaHH« • HiKypeHHOM DOMeueNiiH 
RpoaeaeKi notTOp«*« Be.nojproMerpHMecaaa opofia. IcwiepaHT* 
HocTb k H«rpy3Ke na aroi paa coctiimi M Bt. JlU — 
200 yea. tA.. in/Br — 4.0. lipMUKHi npeitpaiutHHa te^otpro* 
MeTpK»»ecKoA npofiw — npMCiyn cTeHOKipaMK h CMemeHHe ccr* 
MeHia ST l 2 oTBeaen n*x HK*e mio^hhmn ki 1.5 mu., 

Tbkhm oOp 130 m, y 6aTkHoro, crpaaaniaero cTBHOKipaiceA 
H^npaweHH* III 0yMKUMOHa/ibHoro imacca. nocrw anaccnmno- 
ro» KvpeHMa yMeMbiuH/iacb TO>iepaKTHOCTb a aarpyjae. caaia* 
.TOCb iln H yBe.JtHMH. 10 Cb nn/BT. 
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noKt»Te^M »c^o9proMeTp«*«ccmoA npotiw y 6cuiwnux CTenoxapAeefli aanpaveiiaft ao (A) a socjk (B) J-M*co*oro ope6*ti*»t • mtr 
aypCMMOM. apaTKoapcMeMNO npoterpMaaettoM (kmwuicmmm (Af* m) 


eyMKUIOlUWHWl 
UtC( CTrMONApjMH 

MinptKCHMB 


Hfwypmii 

1 


Kypwujur 


Hmi WTiJik 

J * 

i 

w 

A 

1 

» 

1-11 

ToJtepaHTHOcr* x 
Harpvsxe. Bt 

i 

!20±3.3 

105*3.1 

<0.0)1 

113*3.5 

110*3.3 

>0.05 


HD, yea. ei. 

196±5,7 

183*5,5 

>0.05 

190*5.4 

186*5.2 

>0.05 


iin/BT 

L6±0,05 

1.8*0.06 

>0.05 

1.7*0.06 

1.9*0,06 

, >0.06 

in —tv 

TonepiKTHOcrw x 
narpyaxt. Bt 

! 1 

50ttK4 I 

j 25±0i7 

<0.0! 

50* 1.4 

25*0.8 

1 

; <0.01 


Jin. yea. ex. 

143*4,2 1 

118*3.6 

<0.01 ! 

1 137*3.4 • 

110*2.9 

<0.01 

■ 

/in/Bi 

2,9*0108 

4.7 ±0.1 

<0.01 

2.8*0i07 

4.0*0,09 

<0.01 


CR B CHHJtCCHHH TOHepaKTHOCTM K (pHBHMeCKOfi Ha- 

rpyaKt, yueHbiueHHH HU h yaeAHMeHHH JUI/Bt. 
ripH 3 tom KpaTKOBpeweHHOe npoBCTpHBBHHC none- 
meHHH uepea «ppanyry (a hmchho Tanoe npoBCT- 
pHBBHHe o6uhho xapaKTepHO 0J1* Outobux H cny- 
weGHux noMemeHMfl) He npeAOTBpaiua.no 3<ptpeKTi 
<naccHBHoro> KypeHHR. 
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narryiMM ll.ttja 

THE EFFECT OF “PASSIVE" SMOKING ON CHD PA¬ 
TIENTS 

£. SJl Khatlen. V. A. JCUm 
S um m a r y 

“Paiilve" xmokihg ha* been shown to product a marked 
negstiVe effect on *HD patient* Short-term airing of a 
room doe* not prevent a negative effect of “pasiivt" 
amoking; 


JO. FI . Hukutuh, H . F. Banad, F. f. JUcLMoac/cud, T , A. 0 uAUMonoea 

VPOBEHb MOREftOR KHCJlOTbl B KPOBH y 3HOPOBWX 
H BOJlbHblX HUJEMHHECKOR BOJlE3HbK> CEPAIU 

HHH TtpanMH Unp.— akaa, AMH CCCP 10. n. Hhkhtmh) Cn6Hpcnoro OTAeaeMH* AMH 

CCCP. Ho*ocm6kpck 


AKTyaAbHDCTb nepBHMHOft npO(J)KAaKTHKH HUJCMH* 
MecKofi 6cwie3HH cepiiua (MSC) oCvcaobhab 3Ha- 
RHTe/lbHUft KHTCpCC K K3VMeHHI0 P83/1HHHUX $aK- 
TopOB pHCKa stoA namnorHH. Hapftjiy c oCmenpH- 

3HaHHtJMH 4>aKTopaMH pHCKa M5C {apTepHa-nbHaR 

rHnepTeH3Hn, o>KHpeHwe, AHC.iMnonpoTCHneMHH — 
mill) CyilleCTByKJT T8KHe, SHaMCHHe HOTOpbJX oc- 
TaeTCft JlHCKyCCHOHHbiM. K nOCAeAHHM OTKOCHTCR H 

rHnepypHKCMHR (TVP):. BucKa3biBaeic« m neHHe o 

CymeCTBOBaHHH CBH3t1 MOKJIV nOBbllUCKHU M ypos- 
ue.v MO^CBOfi KHCAOTbl (MK) B KpOBH H 3360Ae- 
BueMocTbJO H5C [5, 15, 16, 20],, 00 x 332 ha &o^b- 


mas MacTOTa fyp cpcaw 6onbHbix aTepocKjiej)03oi(« 
H H5C [10, 12]. PftA BBTOpOB CMHTBIOT, MTO CBJ13b 
ryP c arepocK^epoaoM onocpeuoBBHa Mepea Apy- 
rwe (fisKToptw phcki [9, 22]. Tax, HenocpeiCTBCHHO 
He ynacTBy* b pasBHTHH aTcpocK^epoTHMecKoro 
npouecca, TyP Koppe^HpyeT c aTeporeHHbiMH Jl/in 
H apyrMMH (paKTOp8MH pHCKa, 

MayMeHHt po.iH ryp b naToreHese aTepocKAepo* 
3a h ee 3 h aHeHH r kbk tpaKTOpa pHCKa saTpyancHO 
TtH, MTO HCnO/lb3yeMbie A^Jt OnpeAe/ICHHR ypOBHR 
MR B KpOBH MCTOAU XapaKTepH3V)OTCII <:caocta- 
TOMHOfi TOMHOCTblO H COCUHCpHMHOCTbtO* MTO He PO- 
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EFFECT OF "PASSIVE" SMOKING ON THE PHYSICAL LOAD 
TOLERANCE OF CORONARY HEART DISEASE PATIENTS 

E.Sh. Khalfen and V.A. Klochkov 

Saratov Branch of the Leningrad Scientific Research 
Institute for Cardiology of the Ministry of Health 
of the RSFSR (Director: Prof. E.Sh. Khalfen) 


Summary 

"Passive*’ smoking has been shown to produce a marked 
negative effect oni CHD patients. Short-term airing of a 
room does not prevent a negative effect ol "passive* 
amoking. 


Translated from, Russian 
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EFFECT OF "PASSIVE" SMOKING ON THE 'PHYSICAL LOAD TOLERANCE OF 
CORONARY HEART DISEASE PATIENTS 


By E. S‘h. Khalfen and V.A. Klochkov 

There is no doubt at the present time that smoking can 
promote the development of coronary heart disease (CHD) [11,2,4,5]. 
The risk of CHD is doubled or tripled in people who smoke more 
than one pack of cigarettes per day [3,10]. The incidence of a 
myocardial infarction and sudden death has been linked directly to 
smoking [5,7]. Furthermore, the risk of a second myocardial 
infarction and sudden death is reduced 20 to 50X [11,12] if the 
smoker stops smoking. 

A negative correlation between cigarette smoking and 
tolerance to physical load has been found in bicycle ergometry 
tests [1]. A spasm confirmed by coronary angiography in the 
coronary arteries and intensification of thrombocyte aggregation 
have been linked with smoking [9]. 

However, the overwhelming majority of investigations have 
been carried out on smokers. Nevertheless, it has been shown 
[8,11] that even "passive” smoking, i.e., just being present in a 
smoky environment and breathing tobacco, has a strong negative 
effect on the state of the cardiovascular system. D 1 . Makkenzi [8-] 
believes that about a thousand English people die every year from 
the effects of "passive" smoking. 

"Passive" smoking has not yet been investigated adequately. 
We have therefore performed a study aimed at evaluating the effect 
of "passive" 1 smoking on the indices obtained in the bicycle 
er gome ter test on CHD patients. 
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We made observations on 81 people, 10 of whom were 
practically healthy and ranged from 25 to 48 years of age (average 
age 38) and 71 patients with angina of effort ranging from 31 to 
63 years (average age 49). All the subjects were men. 

The angina patients included 33 smokers (who smoked an 
average of one pack of cigarettes per day) and 38 nonsmokers. The 
healthy group included 5 smokers and 5 nonsmokers. 

Thirty-nine CHD patients hod functional class I and II 
angina of effort and 32 had class III end IV angina of effort. 
Fifteen had undergone a transmural myocardial infarction in the 
past and 10 suffered from stage II hypertensive disease. 

All the smokers abstained from smoking for two hours before 
taking the bicycle ergometer test. All the patients refrained 

* 

from using antianginal agents several days before the t^.9ts, 
except for nitroglycerine tablets. 

The bicycle ergometer test was carried out with the subjects 
in, a sitting position on a Simens-Eleraa bicycle ergometer, 
registering the EKG with three Nebo leads on a Mingography-82 
current polygraph'. A continuous load was employed lasting 3 
minutes, increasing by consecutive steps of 25 W. The bicycle 
orgome ter test was stopped when a submaxiraum pulse rate was 
coached, when the ST segment shifted horizontally or slanting 
downward 1 mm or more below the iso lines, when a typical angina 
attack occurred, which was arrested by administration of 
nitroglycerine, or when the T wave was inverted in two or more of 
the traces. 

In evaluating the bicycle ergometer test,, we considered the 


ro 

o 

fO 

Co 

CA 

h* 

fO 

ro 

o 

C/l 




Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


-3- 


foil'owing indices: tolerance to load (in Watts), the double 
product of DP (in arbitrary units) and the ratio of the DP to the 
power load (DP/W). 

The bicycle ergometer was installed and the test conducted 
in a 24-m room, 3*2 m high. The test was performed on the 
subjects at first under the usual conditions in accordance with 
the procedure described above. Then eight cigarettes were smoked 
in the room over a two-hour period (one cigarette every 15 
minutes). The subjects were in the room for this entire period, 
sitting in a chair, reading magazines, talking, or playing 
checkers. k second bicycle ergometer test was performed after 
this two-hour period in the smoky room. 

The test was modified for 15 of the subjects by ventilating 
the smoky room for 10 minutes through a 0.5-m^ transome twice 
during their two-hour stay (at the end of each hour). 

In order to determine whether or not the first bicycle 
ergometer test affected the indices of the second test two hours 
later, tolerance to load tests we re made on class II and IV angina 
of effort patients (average age 48) twice, two hours apart, after 
they had been in the room described above but without any smoke. 
The original tolerance to load averaged 62.5 + 1.4 W and tolerance 
in the second test after two hours was 70 + 2.0 W (three angina of 
effort patients showed tolerances in the second test that were one 
step higher, by 25 W.) . 

The tests confirmed the validity of using paired bicycle 
ergometer loads. The validity of such a test has been 
demonstrated by extensive experience in our country and abroad in 
grading patients who take antianginal preparations. 
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The tests have shown that the tolerance to load in a group 
of practically healthy people before a stay in a smoky room 
averaged 192 + 5.5 W, DP averaged 246 + 7.2 arbitrary units, and 
the DP/V index was 1.3 + 0.04. After "passive” smoking, the 
tolerance to load in this group was 197 + 5.7 W, DP was 238 + 7.1 
arbitrary units,, and DP/W was 1.2 + 0.03. Thus, there were no 
statistically significant differences in the bicycle ergometer 
indices in healthy people and after "passive" smoking. 

We made a separate analysis of the results of the "passive" 
smoking test in the CHD patients without room ventilation 
(Group 1) and in those with a short period of ventilation 
(Group 2). 

The average tolerance to load in the Group 1 angina o.£ 
effort patients was 87 + 2.6 W before the "passive" smoking test in 
the unventilated room and 63 + 1.8 W after the test (p < 0*01). 

The main reasons for stopping the bicycle ergometer test both' 
bo tore and after smoking were Bn attack of angina of effort in 21 
people, a shift in the ST segment 1 mm or more below the isoline 
in 18, inversion of the T waves in four, and achieving a 
submaximal heart contraction rate in three. 

"Passive" smoking in angina of effort patients results in a 
lower tolerance to load, a lower DP and a higher DP/W ratio 
(Table 1). These changes were much more pronounced in class III 
and IV engine of effort patients than in class I and II angina 
patients. Thus, smokers who were class I and II angina of effort 
patients showed a 17X decrease in tolerarce to load, whereas class 
III and IV angina patients showed a decrease of 47X. 
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T.VBLE 1. Bicyle ergcmeter test 
angina of effort: A) 1 before the 
smoke-filled room; B) after the 


indices in patients with 
2-hour stay in the unventilated 
2-hour stay 


Functional 
class of 
angina of 

e fipi rc 


Nonsmokers 


1 —- - 

Smokers _ 


1 Index 

A 

B 

• 

A 

B 

0 

‘Tolerance ro j 
load, V- 

109±3,9 

90*2.8 

<0.01 

125*3.8 

II6±15 

1 

<0.05 

*. 

DP , arhi \ .*ur 

lt8194±5.7 

182*5,5 

>0.05 

183*5,4 

!77±S,3 

>0,05 

m-rv 

9S($rancfi to 

W±0.06 

2,0±0*OG 

>0,05 

l£±.0j05 

l.5±0,05 

>0,05 

load, \\ t 

57± 1.6 

oo* r.o 

<0.01 

S0± 1.5 

28*0.8 

<0,01 


DP, art it. ur 

itsK8±4 J 

120*3,6 

<0.01 

129*3.5 


<0.01 


Dl /■;?; 

2.6*0.07 

<.2*cu 

<0.01 

2.6*0.07 

4.0*0.05 

<0.01 


*arb*urary units 
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The tolerance to physical load and the DP after staying in 
the. smoky room dropped distinctly whether or not the patient was a 
smoker* However, the drop in bicycle ergometer indices induced by 
"passive" smoking was somewhat lower in smokers than in 
nonsraoktrs. It should be pointed out that such a difference was 
detected: in patients with more moderate angina of effort, whereas 
class III and IV angina of effort patients reacted almost 
identically to "passive" smoking whether they were smokers or not. 

Patient E. Age 47. Diagnosis: CHD, functional class III 
angina of effort. Pressing chest pains radiating to the left ' 
shoulder appeared daily when walking or ascending a stairway. 

Pa in slasted 2 to 3 minutes after he stopped moving or took 
nitroglycerine. The coronary angiography indicated 90S stenosis 
of the right coronary artery and 501 stenosis of the circumflex 
branch of the left coronary artery. A bicycle ergometer test was 
performed on June 27, 1985. No pathological changes in the EKG 

were detected: at rest before the ergometer test. 

The bicycle ergometer test before "passive" smoking gave a 
tolerance to load of 75 W, o DP of 220 arbitrary units, and a DP/W 
ratio of 2.9. The test was stopped because of an angina attack 
and a shift of the ST segment 1 mm below the isolines on two 
traces (see Figure 1). 

A second ergometer test was performed after he had spent two 
hours in the smoke-filled room. This time tolerance to load was 
50 W f DP 200 arbitrary units, and DP/W 4.0. The test was stopped 
because of an angina attack and a shift in the ST segment 1.5 mm 
below the isolines om the two traces. 
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Figure 1. Dynamics of Che EKG in patient E, age 47, during 
bicycle ergometer test: A) before 2-hour stay in unventil'ated 
smoke-filled room; B) after the 2-two stay, a) EKC at rest; 
b) EKG during the bicycle ergometer test. Explanation in 
text. 
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Thus, load tolerance dropped, DP decreased, and DP/W 
increased in a patient suffering from class III angina of effort 
after "passive" smoking. 

When the test was conducted by ventilating the room for a 
short time during the "passive" smoking period, the load tolerance 
of group 2 angina patients was 89 ± 2.5 W before "passive" smoking 
and 63 ± 1.7 W thereafter (p < 0.01). The bicycle ergometer teats 
were stopped because of an attack of angina of effort in 7 
patients, followed by nitroglycerine administration; because of a 
shift in the ST segment 1 mm below the isolines in 6; and because 
of inversion of the T wave in 2. 

A marked decrease in load tolerance and DP and an increase 

% p 

in DP/W were found in the patients. Two 10-minute ventilation 
periods in two hours did not prevent the effect of "passive" 
smoking (Table 2). 

The rather large room used in this study was not very smoky, 
s i nee only 8 cigarettes were smoked in two hours. Inreality, we 
often encounter a much higher concentration of tobacco smoke in 
rooms. However, "passive" smoking in a root, with a relatively low 
smoke concentration had a pronounced negative effect on all the 
subjects who were CHD patients, lowering tolerance to physical 
load, decreasing DP, and raising the DP/W ratio. A short 
ventilation period through a transom (which is usually typical of 
residential and service rooms) did not prevent "passive” smoking 
fromi exerting its effect. 
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TABLE 2. Bicycle ergometer test indices in patients with 
angina of effort: A) before 2-hour stay in smoke-filled 
room ventilated for short time;: B) after the 2-hour 
stay (M+m). 


Fun c.t i o n a 1 

class of Index 

angina of 

_Konsmokers_ 

Smokers 

A 

B 

p 

A 

B 

» 

t) 0 r L Tolerance to 

load, W 

DP, arbic. unit 

II, - rv ?5&.nc. to 

load, W 

DP. arbit. unit 
DP/W 

!20±3,3 

S 196± S,7 

l,6±0.0S 

50± 1.4 

S M3:*<.2 
7J)±C,Q 8 

i 

105*3*1 
1S3± 5.5 
1*8*0,06 

25* Ck7 
U8± 3,6 
<*7±CU 

<0.01 

>0»05 

>o.os 

i 

<0.01 

<0.01 

<0.01 

113*3.5 

190*5.4 

L7*0j06 

50* L4 
137*3.4 
2.8*0.07 

110*3.3 

188*5.2 

1.9 *0.06 

25*0.8 

110*2.9 

4.0*0:09 

>0*05 

>0i05 

>0<0S 

, <ojor 

<CWli 

<0.011 
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LEONE, A., MORI, L. , BERTANELLI, F. , FABIANO, P. AND FILIPPELLI, 
Mi., "INDOOR PASSIVE SMOKING: ITS EFFECTS ON CARDIAC PERFORMANCE," 
INTERNATIONAL JOURNAL OF CARDIOLOGY 33(2); 247-252, 1991 

Cardiac performance during exercise testing was measured 
in 19 ; male nonsmokers, nine of whom were healthy and 10 of whom 
were myocardial infarction survivors. The subjects were tested 
twice, once while exposed to environmental tobacco smoke (leading 
to carbon monoxide concentrations of 30-35 ppm) and once without 
this exposure. 

The authors reported that ETS exposure was associated 
with a decrease in peak exercise capacity in the myocardial 
infarction survivors, but not in the healthy subjects. For both 
groups of subjects, ETS exposure was associated with longer times 
to recovery of pre-exercise heart rates. ETS exposure during 
exercise testing was also associated with increases in expired air 
and plasma carbon monoxide concentrations, although there were 
some irregularities in the data pertaining to these comparisons. 
The authors concluded: 


Cardiac response to the exercise is 
significantly worsened by passive smoke, 
especially in those subjects with previous 
myocardial infarction. 
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Indoor passive smoking: its effect on cardiac performance 

A. Leone, L. Mori, F. Bertanelli, P. Fabiano and M. Filippelli 
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Leone A. Mori L. Bertanelli F. Fabiano P. Filippelli M. Indoor passive smoking: its effect: on cardiac 
performance. Ini J Cardiol 1991;33:247-252: 

We studied 19 nonsmoker male volunteers. 9 health) (mean age 30.5 - 8.5), and 10 with previous 
myocardial infarction (mean age 53-8 - 5.3K who underwent exercise stress testing twice: in a smoke-free 
environment and in a smoking environment (carbon monoxide concentration 30-35 ppm). We measuredi 
peak exercise power, time to recovery of pre-exercise heart rate, expired concentration of carbon 
monoxide and plasma carbon monoxide. Obtained data were compared by using /-test. P < 0.05 was 
statistically significant. Mean data observed in healthy people were as follows. Peak exercise power 
220 - 30 watts in a smoking environment versus 220 z 30 in a smoke-free environment (P > 0.05). Time 
to recovery of pre-exercise heart rate 19 r 4 minutes in a smoking environment versus 8.5 * 4 in a 
smoke-free environment (P < 0.01). Expired concentration of carbon monoxide before exercise 23 r 2.01 
ppm versus 8.5 z 1.6 (P<0.01) after exercise in a smoking environment, and 2.3-2 ppm before 
exercise versus 2.1 z 1.9 after exercise in a smoke-free environment (P > 0.05). Plasma carbon monoxide 
before exercise 1.4 ~ 0.27c versus 1.7 r 0,4 after exercise in a smoking environment (P> 0.05k and 

1.2 r 0.4fe before exercise versus 1.2 z 0:4 in a smoke-free environment C/ r > 0.05K Corresponding 
measurements in survivors of infarction were as follows: peak exercise power 80 - 25 watts versus 
120 - 20 (PxO.Olk time to recovery of pre-exercise heart rate 21 z 2.5 minutes versus 12.3 ^2.0 
( P <0.01)., expired carbon monoxide 0.6 - 0.2 ppm versus 5.2 r 1.2 (P <0.011 in a smoking environ¬ 
ment and 1.2 i 0.8 versus 13 r 0.6 (P>0.05) in a smoke-free environment, plasma carbon monoxide 

1.2 t 016^7 versus 23 i 0.4 (P < 0.01) in a smoking environment and 1.2 z 0.1 versus 1.2 r 03 ( P > 
0.05) in a smoke-free environment. Cardiac response to the exercise is significantly worsened by passive 
smoke, especially in those subjects with previous myocardial infarction. 

Key words: Passive smoking; Infarcted people 


i Introduction 

Smoking interferes negatively with cardiac per¬ 
formance and is responsible tor cardiac pathology 
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{!!—4]. A strongly incriminating relationship be¬ 
tween cigarette smoking and myocardial infarc¬ 
tion' has been shown by numerous studies [4i-ft], 
but a quantitative assessment of the alterations 
caused acutely by passive smoking on cardiac 
performance in health) peopll* and those with 
previous myocardial! infarction has run. vet been 
established 
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The‘purpose of this study was to investigate, 
quantitatively, the effects of passive smoking on: 
cardiac performance of healthy people and those 
withi previous myocardial infarctiom 

Materials and Methods 

19 nonsmoker male volunteers (Table 1), 9 
healthy aged from 17 years to 44 years (mean age 
with ± standard deviation 30.5 ± 8.5' years), and 
10 with previous myocardial infarction aged'from 
43 years to: 59 years (mcani age with ± standard 
deviation' 53.8 ± 5.3 years) were studied. The 
healthy people had no history, of any illnesses at 
all. Their resting 12-lead electrocardiogram was 
normal. The subjects, who survived 1 a first acute 
myocardial infarction; had had an anterior infarc¬ 
tion in 5 cases and an inferior infarction in 5 
cases. All subjects gave their informed consent to 
be included! in this, study,. 

The studied! population underwent: exercise 
stress testing on a bicycle ergomcier twice: the 
first lime, the subject performed the exercise in 
sixty, cubic metres enclosed space not polluted! by 
cigarette smoking. On the second occasion: the 
ambient' atmosphere was polluted by 30-35 ppm 
carbon monoxide concentration we reached by 
the combustion of 15 to: 20'cigarettes within half 
an hour by using a switchover machine connected 
to a Programmable Infra-red Spectrophotometer 
at Variable Pathway (Wilks Mod. 80). This device 
allowed us to measure carbon monoxide concen- 

T/VJH.U ) 

Char after tviicsnf the studied population. 

1 teallhy people 
Number 

Mejn jge (years) 

Sex (male) 

No previous medica 

Survivors of infarction 
Number 

Mean age (years) 

Sex (male) 

Infarction 
anterior 
inferior 


tration and maintain it at the desired level during 
exercise stress testing Each studied subject w>as 
test and control of himself. 

During and after exercise, electrocardio¬ 
graph ic Ifeads V2-V6 were displayed continuously 
on a monitor scope, and once even’ minute a 
12-lead electrocardiogram w-as recorded! Systolic 
blood pressure was also recorded! with a sphyg¬ 
momanometer during the last minute of the exer¬ 
cise. In each studied subject we assessed the peak 
exercise power, time to recovery', of prc-exercise 
heart rate and carbon;monoxide concentration of: 
both expired air and plasma before and after 
exercise. 

Statistical methods 

Standard statistical methods were used All 
data were compared! by using the /-test P'< o.uf 
was taken to denote statistical significance. The 
data arc presented as means - SD 

Results 

The results of this study are summarized on: 
the Tables 2-5. Peak exercise power (Table 2) ot 
healthy people ranged from 140: to 200: watts 
(mean 220 - 30) in a smoke-free environment, 
and! from: ISO to 260 watts (mean 220 - 30') in a 
smoking environment. The corresponding figures 
in survivors of infarction were SO to 140 watts 
(mean 120 - 20) in a smoke-free environment, 
and!60 to 120 watts (mean SO - 25) in a smoking 
environment, a statistically significant dOlercnce 
( P < 0 . 01 ). 

Time to recovery of pre-exercise heart rate 
(Table 3) for healthy people was.41 to IS minutes 


TABLE 2 

Peak exercise power (walls), mean iSD. in the studied popu¬ 
lation. 


Subjects 

Smoking 

Smoke-tree 

/•lest 


environment 

environment 


1 lealthx people 
Sun n or s o| 
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220 r Mi 
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' TABLE 3 

Time to recovers of; pre-exercise heart rate (minutest mean : 
SD; tn the studied population 


Subjects 

Smoking 

Smoke-free 

/-test 


‘ environmeni 

environmeni 


Healthy people 
Surv ivors of 

19-4 

8:5« r 4 

^ < 0.011 

inftirctiom 

21=::5 

r;.3() = : 

P < 0.011 


(mean 8.50 ±4) in a smoke-free environment, 
and M vo 25 minutes (mean 19 ± 4) in a smoking 
environment! with a statistically significant differ¬ 
ence ('P < OjO 1). The corresponding parameters 
in survivors of infarction ranged from 10 to 15 
minutes (mean 12.5 r TO) 1 in a smoke-free envi¬ 
ronment'. and from IS to 25 minutes (mean 21 ± 
2.50) in the environment polluted by cigarette 
smoke, a statistically significant difference (P < 
0 . 01 ). 

The results concerning the concentration of 
expired! carbon monoxide arc displayed'in Table 
4. In healths volunteers there was no difference 
in the values prior to exercise between the smok¬ 
ing and smoke-free environments (2.3 ± 2.1)1 ver- 
^ sus 2.3 r 2:0; ppm). In the smokoftcc envirom 
menu there was -no significant change after exer¬ 
cise (2.Hr l.9i. !’ > 0.05). whereas.in the smoking 
environment there was a significant increase do 

tabu: 


8.5 ± 1.6. P < 0.01) after exercise. In survivors of 
myocardial infarction, the concentration prior to 
exercise was significantly lower in the smoking 
environment than in the smoke-free environment 
(0.6 ± 0.2 versus- 1.2 ± 0:8, Pc0*05), In the 
smoke-free environment, there was no significant 
change in the concentration after exercise Cl.3 ± 
0:6, P > 0.05), whereas in the smoking environ¬ 
ment there w'as a significant increase (to 5.2.± 1.2,, 
P < 0.01) after exercise. Although the two groups 
had different age distributions, there was no sig¬ 
nificant difference in the measurements between 
the survivors and the healthy volunteers, except 
for the concentration of expired carbon monoxide 
after exercise in the smoking environment 
(healthy 8.5 2 ll6 versus survivors 5.2 - 1.2. P < 
0 . 01 ). 

The results of concentration of carbon monox¬ 
ide in the plasma are displayed in Table 5. Uni 
healthy volunteers there was.no difference in the 
results prior to exercise between the smoking andi 
smoke-free environments (1.4 - 0.2 versus 1.2 r 
0.4 r r)j in neither the smoking environment; nor 
the smoke-free environment was there a signifi¬ 
cant change after exercise (1.7. r 0 4. P > ()J()5 
and 1.2 ± 0.4. P > 0,05. respectively-)'. In survivors 
of infarction there was no difference in the pre- 
exercise concentration between tlie smoking and 
smoke-free environments 11.2 r 0.In versus 1.2 *r 


Expired earbon rounoxii 

.ie <pprnI. mean r SI), 

in the studied 

popuJaiion. 




StlNei't* 

Smokinc environment' 


Smoke a ice em 

, ironment' 



Pre-evcrcise 

Posirevereise 

Ir lest 

Pre •exercise 

Post ■exercise 

/-test 

1 leallhy people 
Survivors,ol mlurchoni 

2.3 = 2. ill 
(hr; 11.2 

S,5 r Ef> 

5.2 r 1.2 

P V D ll] 

V < 11.(11 

1.2 r O.S 

2:1 - 1.9 

1.3 ; 0.6 

r > o;o5 

P > OJ05 

/-lest healthy/ survivors 

P > 0,05 

P < 0.01 


P > 0.05 

P > 0.05 


TABLE 5 

Plasma carbon monoxid 

c ( r r ).' mean ± SD; in the studied population. 




Subjects 

Smoking environment 


Smoke-free environment 



Pre-exercise 

Posl-exerctse 

frtest 

Pre-exercise 

Post-exercise 

Mesi 

Ittrulihy people 
Survivor* of inlarciion 

11.4 ; 0.2 

11.2 r O.lfi, 

1.7 r o.4 
:j,±o.4 

P > 0,05 
p < 0.001 

1.2 - 0.4 

1.2 - 0.1 

1C - 0 4 

1C r n;j. 

P > 0:05 
p > o;o5 

/■lest healthy survivor* 

p • no* 

r 0 05 


P > 0.05 

P > 0 05 



) 
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0.1). In the smoke-free environment,, there was 
no significant change in the plasma concentration 
after exercise (1.2 ± 0*3, P > 0.05), whereas in the 
smoking environment there was a significant in¬ 
crease (to 2.3 ± 0.4, P < 0.01) after exercise. Al¬ 
though the two groups had different age distribu* 
tions, there was no significant difference in the 
plasma carbon monoxide measurements between 
the survivors and the healthy volunteers, except 
for the post-exercise plasma carbon monoxide in 
the smoking environment (healthy 1.7 ±0.4 ver¬ 
sus survivors 2.3 ± 0.4, P < 0.05 )j 


Discussion 

For many people, exposure to environmental 
tobacco smoke is a potential hazard of daily life. 

We planned this study since of many air pollu¬ 
tants, the components of cigarette smoke have an 
origin both indoors and outdoors [7], and can 
cause serious effects on the cardiovascular system 
(811 

Cigarette smoking can lead to catecholamine 
release which enhances platelet adhesiveness. 
Cigarette smoking and nicotine may also increase 
myocardial electrical instability, heart rate and 
systolic blood pressure exacerbating the athero¬ 
sclerotic process. Carbon monoxide increases the 
blood s carboxyhcmoglbbin level because its affin¬ 
ity for hemoglobin is much greater than that of 
oxygen, diminishes oxygen transport capacity and 
damages directly myocardial mitochondria and 
endothelium [9); 

Cardiac effects are the result of the degree of 
exposure to smoking and usually do not become 
apparent for days after exposure [10). The acute 
response of the heart to passive smoking has not 
yet been carefully evaluated. Our data seem to 
show two different types of response, the one for 
the healthy subject and the other for the subject 
with previous myocardial infarction. However, 
some characteristics were similar. 

A significant reduction of peak exercise power 
(33.4% in this study) has been seen in people 
with previous myocardiali infarction who have un¬ 
dergone exercise stress testing in a smoking envi¬ 
ronment compared to their response in a smoke- 


free environment (P < 0.01). Healthy people did 
not have impaired peak exercise power. 

In a smoking environment,, time to recovery of 
pre-exercise hear, rate was prolonged in both 
groups. In our opinion that may be the conse¬ 
quence of decreased environmental! oxygen avail¬ 
ability. It is known indeed that the environment is 
fundamental for human homeostasis, and de¬ 
creased environmental oxygen is potentially 
‘harmful for life. 

Three main observations on expired carbon 
monoxide and plasma carbon monoxide can be 
made from this study. Firstly, pre-exercise and: 
post-exercise measurements were similar or not 
statistically different ( P > 0.05) for all pcoplb in a. 
smoke-free environment. Secondly, in a smoking 
environment, post-exercise plasma carbon monox¬ 
ide of survivors of infarction was statistically 
higher CP <0.05) than that of healthy people. 
Thirdly, in the smoking environment post-ex¬ 
ercise expired carbon monoxide was significantly 
lower (P < 0.01) in survivors of infarction if com¬ 
pared to healthy controls. Although there is a 
significant difference between the survivors and 
healthy control as regards their post-exercise 
expired carbon monoxide and plasma: carbon 
monoxide, this may not necessarily be due wholly 
or even partially to the previous myocardial in¬ 
farction, as the two groups had different age 
distributions. Since the values of expired carbon 
monoxide and plasma carbon monoxide prior to 
exercise were similar (P> 0.05) in both groups, 
we believe the previous myocardial infarction 
combined with exercise stress testing in the smok¬ 
ing environment is a responsible factor of the 
aforesaid occurrence. Survivors of infarction of¬ 
ten have cardiac failure, even if sometimes silent, 
as a probable consequence of impaired haemody¬ 
namics. Such pathology may affect the blood gas 
exchange as well as the vemilation/perfusion 
ratio. However, this hypothesis should be further 
investigated. 

Acute exposure to passive smoke impairs the 
cardiac performance of both survivors of infarc¬ 
tion and healthy volunteers. Survivors, who often 
have haemodynamic impairment, should avoid in¬ 
door spaces polluted by cigarette smoke. The fact 
that passive smoking also clearly affects the car- 
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diac measurements made in the healthy volun¬ 
teers has implications for public health and legis¬ 
lation. 
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In this letter to the editor, the authors report an 
experiment involving exposure of both smokers and nonsmokers to 
ETS, examining effects on platelet sensitivity to the 
antiaggregatory effects of prostaglandins. The authors report 
that exposure to ETS reduced platelet sensitivity to prostaglandins, 
with this effect greater in nonsmokers than smokers. In view of 
the possible role of platelet actions in blood clotting and in 
atherosclerosis, it was suggested that these ETS-related changes 
in platelet activity may pose a risk to nonsmokers who are regularly 
exposed to ETS. 
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PREPARATIONS USED IN THE CQU-A*ORATtVE STUDY 
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*f rapoard Jrtrae Reference Pfeverwwa of Hcppiuu I S«r£m Amiftn 
fCoded dupttocr of Bntuk Reference Preptnrm 


Twelve laboratories contributed daw from a total of 31 assays. All. 
participants used solid phase radioimmunoassays—the AUSR1A 
IV commercial kit (Abbott) an six, a modification of the commercial 
ku in two. 7 and the remaining four laboratories used their local 
method. 

.Assay dan were analysed using the standard method iof parallel i 
line assays:® potencies of the samples were expressed relative to the 
proposed standard. For each sample, potency ratios from replicate 
assays of individual laboratories were combined by taking their 
geometric means. The frequency distributions of these valiies are 
shown in the figure. 

No obvious difference were found between estimates obtained 
from laboratories using different forms of radioimmunoassay 
There was reasonable agreement between the potenev estimates 
obtained by the different laboratories. The potency estimates 
obtained for the codW duplicate of the standard (sample G) were 
remarkably close to urury. Furthermore, there was better agreement 
between laboratories for the potency of sample G than for the other 
samples. Nevertheless, the variation found between potency 
estimates of the individual coded preparations for the different 
laboratories were considered to be small'in practical terms. 

In 1982 the Nanonal Biological Standards Board authorised the 
establishment of the preparation coded 80/549 as the British 
Reference Preparation of Hepatitis B Surface Antigen (HsAg), with 
an assigned umtage of 100 units per ampoule. 

The Hepatitis Advisory Group has recommended that ail 
donations of blood destined to contribute to pratem fractionation at: 


' Hopcnaa R. Ra« $. Jo**ui T. Wait AD Im pro * rM ccooom«-i M H BiA{ wrreoinf -nift 
cMMiccciaJ ndwouBiMHMT rtsfrmi J Ch» IW). 33s 1S- 2 J 

A Finncr 0| Stiiwicai mrtlM i« NNpoi w, Ird td London GnlTin. |9T» 

■ Ai 3 »i tmty Group an TcMUIC tor rh* Prmnct of H rftantn- A nor m r-1 Amiftn and ut 
Amibadv Third rrpon. («•! 



Fvwqwmcy dtambw oow W pttnry atunam for umfla A-G a 
terem of pro poo ad rrfarooc o prtpondoo. 

Each bo* denotes the mean potenev obtained bv one labors ton- bv 
r* diounmunouaav* open bases (Abbon commercial ku). hatched boxes 
(modification of Abbon kat*, filled boxes iother methods) 


N.H.S. fracnonitioo centres should be tested by techniques that 
give a “positive” result for a concentration of: 2 Bnmh units of 
HBsAg/mi. Subsequently a further study was earned our to estimate 
the detection limits, relative to the British Reference Preparation, of 
methods used by the panic;pants. Preliminary results have shown 
that laboratories m the srudy detected; the presence of hepatitis 
antigen at a concentration of 0“ 5 umtvml. In some laboratories as 
little as 0* 125 units/mi could be routinely detected. Thus the assav 
methods used in the srudv should easily fulfil the recommendation 
of the Hepatitis Advisory Group 
We thank the following for participating in the ttudv Dr, Elizabeth Boxjii 
(Birmingham); Dr C H Cameron and Dr D S Dine (London): Dr ft J 
Crawford (Carluke); Dr R. Hopkins < Edinburgh): Dr R; S Lane and Dr 8 3 
Cocnbndfe (Eliireek Dr Margaret Supran (London): Dr P P Mortimer 
(London); Dr E- G. Wheeler and Dr W J Jenkiru (Brentwood): Prof A / 
Zuckerman, Dr Haaci Smiths and Dr M. Bbwerman i Loodom: Dr R J Gererv 
(Betbeadi. L’.S.A.k Prof R Thomuen. Dr W (.jerliciL and Dr K Lceier 
(Gbttmgen. West Germany); jnd Dr P J Campbell, mndards processing 
section. NM.B.S.C. who organised the distribution of the ampoules 


NanansJ Imitniif tor tiolopcai 
S<amten» and Control. 
London NWUHI 


Valerie Seagruatt 
Mor.ag Ferguson 
D. li Magrath 
G. C. SeHILD 


Mtddlcoca Hoaoirai AWdicai School. 

London «1 C. H. CaMEROS 


PASSIVE SMOKING SEVERELY DECREASES 
PLATELET SENSrnYTTV TO ANTIAGGREGATORY 
PROSTAGLANDINS 

Sir,—I n the editoriai (March 6, p. 548> and ! in the ensuing corre¬ 
spondence on passive smoking the risk of the development of 
atherosclerosis has not been mentioned. Unpublished studies (H, S. 
and O. Burghuber; and E. Walter) suggest that platelet function is 
severely aiTected in smokers, and there is some evidence that 
cigarette smoking might exert its action via diminished vascular 
prostacyclin (PGI j) synthesis and decreased sensitivity of platelets 
to antiaggregatory prostaglandins. : U‘e have looked at rheeiTects of 
passive smoking on platelet sensitivity 
We measured platelet sensitivity to the anriaggregatory 
prostaglandins (E,, I : , Dv) before, during, and after passive 
smoking in eight male andfbur female smokers aged 22-3l and in 
eight male and one female non-smokers aged 24-30 In a 18 m 5 
room thirty cigarettes of a strong brand (‘Guanes’) were smoked by 
testers, to give a smoke concentration calculated to resemble that in 
discos, restaurants, and the like. The rest subrects were exposed to 
the smoke for 15 min: Blood was sampled immediately before and at 
the end of the smoking period and 2Q and 60 min afterwards from a 
cubital vein without occlusion, with' 3 ’8^o sodium citrate as 
anticoagulant. 1 Platelet sensitivity as expressed as ID^o Uhe amount 
of PG ui ng/ml platelet rich plisma necessary co halve the 
aggregation induced by I wmol/l AJDP) 

Passive smoking (table) reduced plitelet sensiuviry to the 
antiaggregatory PG*, bemg much more severe in non-smokers than 
in smokers. 20 min alter passive smoking, platelet sensitivity started 
to return to basai vaiues and this happened more quickly in non- 
smokers. However, the baseline values in smokers were 
significantly lower (p<0*01l) than those in nonismokers. 

A decrease in platelet sensitivity is the maior determinant of 
haemostatic regulation 4 and may thus be responsible for earlv 
changes preceding atherosclerosis.' In combination with our 

l .Alsnrf. Vnmli A. Effect o«mcounc on ifw I'armtiwi MpigMKvduiin rmi aorta. In 
y (m C+mf Pwrif4tp*»Ji«i i Fifmxe. LYkJk wbmr 142 
I GWJ A. KcfalaWi A. lur^HuOrr O. Si aim ter H. foJfcar tA Influence of vertv* and 
(WM*« loiwuai on piwctci Knuimu to am i m ref i rnee piwfiandim l/xa pmni 
tlraotauat |. ia unotm ana n»-imoun In U /w O** P’otsufumjimt 
I Finut. 14421. akwr XT 
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PlroMfUadirw (Alranabhinctfttui lT^» TmrtJt M»r*r l*t l- Mi 112* IS 
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1*41. 2t A7V-47 
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PLATELET SENSITIVITY IEFORE AND AFTER PASSIVE SMOKING 
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findings of decreased POU formation in umbilical arteries in bibtes 
bom to mothers who smoked* the severe changes we found liter 
passive smoking, especially m non-smokers, point coin important 
risk in non-smokers exposed to agarette smoke for a long time. 
Although not much is known about the long-term influence of 
passive smoking on the risk for development of atherosclerosis, our 
dkta do indicate that passive cigarette smoking, besides being an 
important social issue, may be a health problem too. 

We think Nam Mouiarii and Mans KanellopoaU* for technical assistance 
and Claudu Dufiak for secretarial 'he Ip The jrudv »u supported bv a grant of 
the Fond* lur fbrderunf der w isae nschaii lichen Foncftung. 
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EARLY TREATMENT OF OESOPHAGEAL VARICES 

Sir,— While we agree with Freeman and colleagues (July 10, p. 
66) that vasopressin or us analogues may have a place in the 
management of acute vanceai bleeding, we believe us role is at best 
subsidiary. Since the patients most at risk are those who rebleed 
early, the aim of management in vanceai bleeding should be to 
prevent rebleeding as much as to comroi the presenting 
haemorrhage. To this end we have developed a practice of managing 
vanceai bleeding which provides results equally as good as those 
obtained with giypressm by Freeman et ai. and which alio serves as a 
basis for long-term management 

If bleeding is active, a Linton tube* is inflated in the gastric 
fundus and maintained on traction. When resuscitation u effected 
the vances are immediately inlened with sclerosant with the rube in 
sicu. As there is no oesophageal balloon on this rube, mi ecu on is not 
technically difficult and there is the advantage that a bloodless field 
ls obtained. Furthermore, n seems likely that pressure on the gastric 
vances aidi sclerosis by prevenung retrograde flow ofsderoaam. If 
there is no aaive bleeding at the time of endoscopy the vances are 
miened without the tube, which can be passed Later if bleeding 
becomes a difficulty Sclerosis is continued fortnightly until vanceai 
obliteration is complete. 

Since adopting this policy 18 months ago wc have treated sixteen 
pa even a with acute vanceai bleeding. One died immediately on 
admission to hospital before endoscopy could be earned oul Of the 
remainder, eight had sclerotherapy with the Linton tube in situ and 
seven had it. without the rube. Of these penenta, one rebled three 
times before dying of liver failure due to hepatic angiosarcoma; the 
other fourteen remain well, although rwo rebied before their vances 
were obliterated. 

While giypressm might be of value m vanceai bleeding when 
endoscopic sclerotherapy is unavailable, we believe that our simple 
policy may be of greater value in most general hospitals. 
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ICOSAPENTAENOiC AC3D AND 
ISCHAEMIC HEART DISEASE 

Sir, —Dr Jones and Dr Davies (July 24, p. 221) discuss the 
decrease in circulating platelets which venous worsen have found 
to be produced by fish oils. But they stscc that Hay and colleagues 1 
used "a similar fish oil and EPA suppl em ent" to that used by 
Thorngrtn and Gustafson.*' There was s crucial difference. Hay et 
si. used “Mixepa’' ( 4 Marfleet Refining Company, z subsidiary of 
Imperial Foodsk which is a refined deodorized biend of marine body 
oils with added antioxidants; it contains about 20* of firry aads as 
rimnodomc (C20:5«-3 or "EPA**), 1 about 19* as ciupanodomc 
(C22:6n- 3) and less than 1* as cetoieic (C22.1*- 11). The first rwo 
are essential' fatty aadt and the third is toxic at least to lower 
animals, being an isomer oferuac aad (C22:U-9) found in certain 
rapeseed oils, which cannot be oxidised with case by muscle 
mitochondria unibss adaptation has occurred and therefore causes 
myocardial fibrosis with sudden death. Thomgren’s volunteers, 
however, changed their usual Swedish diet for eleven weeks to 
include “a predominance of fish, mainly mackerel and salmon" 
These fish have cetoieic acid as a predominant farty acid, analyses 
(in * of total acids I by Dr Mary Gale in our Institute being: 

0//. * * C20S 02. ff C22.1 


Mackerel hTtmfrmf) 12*1 11*4 9*0 

Salmon uian 10*2 11*4 W ■ 3 

The relevance of C22: l fatty aads is that they probably decrease 
the number of circulating plateieti. .McDonald and collbagues 5 fed 
seven healthy mate* for 22 days with rapeseed oil containing 39* 
erucic aad (which supplied 38* total dietary energy); in five of 
them there was a marked fall in platelet count which returned to 
normal when their customary diet was resumed. On a traditional 
Eskimo diet for 100 diys (only seal, fish, and water) mv platelet 
count decreased from 226 000/ul to 52 OOGluL and platelets changed 
morphologically to giant forms; this diet was very high m C20:5,, 
G22;6, and C22:1. The first of these tended to displace arachidonic 
aad (C20:4«-6) in, for instinct, the different phospholipids of 
platelets 4 and cetoieic aad appeared in these as well as in: 
Lipoproteins, erythrocyte membranes, adipose tissue, and skeletal' 
muscle. But the dramatic increase in Weeding rune was probably 
caused partly by the alteration in the struaure and therefore fluidity 
of the platelet membranes and not only by the observed alterations 
in prostanoids: 5 the former may aiso have contributed to the 
decrease in platelet count since Hay et ai.' observed a decrease on a 
diet containing negligible cetoieic aad. 

The references m Jones and Davies’ Letter raise an important 
quesnon of nomenclature. They twice refer to cinmodomc aad 
(C20:5n-3) is "eicoaopentanotc" This word connrns three 
errors—one academic, one careless (the second "o" should be “i"), 
and one fundamental. The I.U.P.A.C-LC.B Commission on 
Biochemical Nomenclature has decreed* m its wisdom (or folly) that 
the Greek krooi (or the common Epic diaiea form ttucoat ) must 
be anglicised is "icosa-" thereby dropping one or rwo epsilons: so 
"EPA** must be "IPA'* To be on the nght side. Professor 
Crawford and colleagues* from the Royal College of Surgeons in a 
current paper use both spellings m different places. But trivial 
names for fatry aads are useful; lbt us continue to call C20:5 w — 3 
timnodonic sad and C22:6*«- 3 ciupanodomc aad. 
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Burghuber, O.C., Punzengruber, Ch., Sinzinger, H., Haber, P. and 
Silberbauer, K. , "Platelet Sensitivity to Prostacyclin in Smokers 
and Non-smokers," Chest 90(1): 34-38, 1986. 

This study examined the responses of platelets to 
prostacyclin in both smokers and nonsmokers, both following "active" 
smoking and following ETS exposure. Prostacyclin is an 
antiaggregatory agent. Thus, a decrease in responsiveness to 
prostacyclin would be reflected in increased platelet aggregation, 
which has been suggested as a mechanism underlying atherosclerosis 
or thrombus formation. 

The authors reported a chronic effect of smoking reflected 
in a lesser sensitivity of smokers' platelets to the antiaggregatory 
effects of prostacyclin than the platelets of nonsmokers. 
Furthermore, both "active" smoking and ETS exposure were reported 
to have acute effects on decreasing the responsiveness of platelets 
to prostacyclin, although this effect was observed only in 
non-smokers. 


These results were characterized as supporting a 
proaggregatory effect (via decreased platelet sensitivity to an 
antiaggregatory agent) of both smoking and ETS exposure, thus 
providing a mechanism for how tobacco smoke might be involved in 
clinical thromboembolic diseases. 
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Platelet Sensitivity to Prostacyclin in 

Smokers and Non-smokers* not uc e 

TOs material m-ry 

O C. BurgAater, M.D.; CA. Punzengruber, M.D ; H. Sinsinger. M.D., fcrotacted fy alright 

£ Haber, M.D.; and K. Silberbauer ; M.D. ^ ^ {J.S. Cede). 


Platelet activating effect of cigarette nsoldng appears to be 
important tfi the development of fttberasderocts. We previ¬ 
ously demonstrated a reduced sensitivity of platelets to 
exogenous prostacyclin (PGI*) in vitro from patients with 
proven atherosclerotic disease, indicating a possible role of 
altered platelet function in the development of atherosclero¬ 
sis. We now hypothesize that cigarette smoking might be an 
important cause of altered platelet sensitivity to PCI* 
observed in patients with atherosclerosis. To test this hy* 
pothesis, the response of plktelets to exogenous PGL, was 
tested in chronic smokers and non-smokers, prior to and 


after smoking two cigarettes (active smoking) and prior to 
and after exposure to a tobacco smoke-contaminated atmo¬ 
sphere (passive smoking). Ibis study indicates that platelets 
of chronic smokers are less sensitive to exogenous PCI, than 
platelets of non-smokers, in addition, active as well as 
passive smoking decreases platelet sensitivity to PCI, in 
non-smokers, whereas chronic smokers exhibit no further 
decline. We conclude that decreased platelet sensitivity to 
PCI* might be an important contributing factor to the 
altered platelet function observed in patients with athero¬ 
sclerosis. 


Qmolang has been incriminated as a pathogenetic fae- 
^ tor in cardiovascular disease . 1 * Tobacco smoking is 
associated with an increased risk of myocardial infarc¬ 
tion ; 3 sudden death and arterial thrombosis occur more 
frequently in cigarette smokers . 45 Because blood 
platelets appear to play a central role in the initiation of 
arterial thrombosis, the difference in aggregation be¬ 
havior in platelets from smokers and non-smokers 
seems to be important. The influence of nicotine and/ 
or other cigarette constituents on platelet function has 
been investigated in several in vivo and in vitro 
studies. From these studies it is known that smoking 
induces enhancement of plhtelet function.* Evidence 
supporting this idea includes an association of smoking 
with increased ADP-induced platelet aggregation in 
platelet-rich plasma , 7 an enhanced tendency of plate¬ 
lets to aggregate in blood/* a shortening of platelet 
survival 10 and increased thromboxane synthesis . 11 “ In 
addition there is some evidence that smoking might 
exert its action by reducing vascular prostacyclin 
(PCI*) synthesis.” Since we have previously demons 
strated reduced platelet sensitivity to exogenous PCI 2 
in vitro in patients with atherosclerosis , 14 we wondered 
whether cigarette smoking might decrease platelet 
sensitivity to PGI t . Because of recent observations 15 ' 1 * 
that passive smoking increases the incidence of various 
diseases primarily associated with active smoking, we 
also wondered whether even passive smoking could 
influence platelet sensitivity to PGI t . If platelet sensi¬ 
tivity to PGI t were suppressed by active or passive 


•From the Second Department of Internal Medicine, University of 
Vienna. Vienna. Austria 

Manuscript received October 21.1965; revision accepted January 20. 
Reprint requests: Dr Burrhuber, Qamuongaxte 13. II Medical 
Department. University of Vienna. Vienna, Aujtna A-J090 


smoking, then we could consider it an additional 
important mechanism of arterial thrombosis. 

Material and Methods 

Active Smoking 

The subjects of this study were 14 healthy male volunteers whose 
ages ranged from 28 to 36 years Seven were non-smokers and seven 
were moderate-to-heavy smokers I at least one pack a day for at least 
ten years). Standard commercial brands containing 1.5 mg nicotine 
and 25 mg tar per gram of cigarette were used The smokers re¬ 
frained from smoking for at least four hours pnor to the test 
procedures. and no medication was allowed for two weeks pnor to 
the studies. A 19 gauge plastic cannula was inserted into the 
antecubitaj vein 15 mm pnor to baseline measurements to avoid 
repeated venous, punctures. Then the patients were told to smoke 
two cigarettes, one after the other, within 10 min. Immediately 
before and 15 min after smoking two cigarettes, blood pressure, 
pulse rate, and Ventilator function tests were performed and blood 
was drawn. Blood pressure was measured with the ICorotkoff method 
by the same observer. Ventilatory function was assessed by spirome¬ 
try using a Fleisch pneumotachograph attached to an electronic 
device {Siregnost FD 10. Siemens Elema, 19) and recorded on an x*y 
recorder (Hewlett-Packard). Vital capacity (VC, L) was determined 
by a slow inspiratory effort 

This was followed bv three attempts ofFEV, maneuvers (FEV,. L) 
After completion of these procedures, forced expiratory flow volume 
curves were obtained. Forced expiratory flows at the moment when 
50 percent of the vital capacity had been expelled (FEF», L/sec) and 
when 75 percent had been expelled (FEF*. Usee) were read 
directly from the flow volume curves. The best of three attempts was 
used for calculation. 

Blood withdrawal was performed from the previously inserted 
plastic cannula. Nine volumes of blood were mixed with one volume 
of 3:8 percent tnsodium citrate solution to obtain ciliated blood. 
After centrifugation at 150 % for 5 m in, platelet-rich plasma (PR?) was 
obtained. PRP was then removed and platelet-poor plasma (PPP) 
produced by further centrifugation of 1500 g for 15 min. PRP was 
adjusted with PPP to give a pbteiet count of approximately 
250 x 10Vpjl ADP (in a rather high concentration of 1 mmol/1) was 
used to cause irreversible platelet aggregation measured in a Born- 


34 


Proatacycfcn m SmoMr* and Nor**rnok*r* (BurghuOmr fl* 0) 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 


2023512227 



BP 

mm Hg 


NON SMOKER 



SMOKER 



t 



BEFORE AFTER 


Figure 1 individual data points and 
means of systolic and diastolic blood pres¬ 
sure (BP. mmHg' before and after smok¬ 
ing 2 cigarettes in smokers and non- 
smokers 


rvpe aggregometer On all occasions, second phase of ADP-induced 
platelet aggregation was seen The maximal extent of platelet 
aggregation i^Tmax) was calculated assuming that PPP was 100 per¬ 
cent and PRP was 0 percent aggregation In addition. ADP-mduced 
platelet aggregation was inhibited by increasing concentrations of 
PCI, (1,2.3 ng/ml) being added 60 sec prior to ADP From this the 
sensitivity index of PGIj (Slrci,^ calculated (SIpci, * hlD». 
ID*, « the concentration of PGI^ necessary to inhibit ADP-induced 
platelet aggregation to 50 percent). 

hxssive Smoking 

Another 22 healthy male volunteers, 13 smokers and nine non- 
smokers, whose ages ranged from 25 to 40 years, were exposed to 
cigarette srnoke. Smokers refrained from active smoking for at least 
four hours before studied! 

Volunteers were kept for 20 min in an 18 m* room in which testers 
smoked 30 heavy brand cigarettes just prior to the exposure period 
This concentration was calculated to be that occurring in discos, 
restaurants etc. Again, blood was drawn before and 15 min after the 
passive smoking period and aggregation studies were performed as 
previously described. 

Statistics /Analysis 

Paired and unpaired Students t-trsts were used to compare results 


within and between groups respectively. Differences were consid¬ 
ered significant when p<0 05 

Results 

Active Smoking 

Prior to smoking two cigarettes, neither smokers nor 
non-smokers exhibited any difference in either systolic 
or diastolic blood pressure (Fig 1) or in heart rate (Fig 
2)j After smoking two cigarettes, blood pressure re¬ 
mained unchanged (Fig i), whereas a significant in¬ 
crease in heart rate could be observed in both groups 
(Fig 2). There was no difference in VC and FEV, prior 
to or after smoking between smokers and non-smokers 
(Tabte 1). However, smokers had lower forced ex¬ 
piratory flow r rates compared to nonrsmokers, before as 
well as after smoking two cigarettes (Table 1). Smoking 
two cigarettes did not alter any ventilatory’ parameters 
studied in either group 

Prior to smoking two cigarettes, the aggregation of 
platelets in response to ADP was the same in smokers 



Figure 2 Individual data points and 
means of heart rate (HR. beats/mmute) 
before and after smoking 2 cigarettes in 
smokers and non-smokers. 
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Table 1 —Individual Lung Function Paramrtrri before and after Smoking Two Cigarette* m Non-gmokert and Smoker » 




VC (L) 

FEV, (L) 

FEF, 

(Usee) 

FEF. 

(L/«c), 


Before 

After 

Before 

After 

Before 

After 

Before 

After 

Non-smokers 

1 

6,5 

6.1 

4.3 

4.6 

4.3 

54 

2.2 

2:8 

2 

7.8 

7.6 

5.8 

6.2 

11.4 

9 4 

3.7, 

5,3 

3 

6.4 

6.5 

5.6 

5,8 

5.6 

5.8 

2.9 

3.3 

4 

5.6 

5.8 

3 7 

4.6 

5.1 

4.8 

2 6 

24 

5 

3.5 

3.6 

2.8 

2.7 

4.3 

3.5 

24 

14 

6 

4.5 

4.fi 

4.3 

3.7 

5.9 

5.2 

4.5 

4.1 

7 ^ 

5.6 

4.8 

4.0 

3.9 

5.1 

4.1 

2.1 

2.1 

mean * 

SEM 

5.72:0.5 

5.6 s 0.5 

4.3-04 

4.5*05 

6.0*0.9 

5.5*07 

2 9*0.3 

3.1*0.5 

Smokers 

I 

5.3 

5.5 

4.1' 

4.6 

6.2 

7.3 

37 

3 9 

2 

6.4 

6.3 

5.1 

4.5 

5,2 

5.2 

2 4 

2.2 

3 

4.6 

4.7 

3.2 

35 

3.9 

3.1 

2.7 

1.4 

4 

6.0 

6.5 

4.5 

4.5 

5.0 

4.8 

2.2 

2:7 

5 

5.8 

5.7 

4.2 

4.2 

4.7 

4.5 

2.6 

2:1 

6 

3.9 

4.46 

2.9 

29 

3.0 

2.6 

1.1 

1.2 

7 

46 

4.7 

3.5 

3.2 

3.5 

3.1 

1.6 

10 

mein * 

SEM 

5.32:0.4 

54*0:3 

3.9*03 

3.9*0 3 

4.5*0 4* 

4.3*06* 

23*0:3* 

2.0*:04t 


•p<0.1i 

tp<0.05, smokers vs non-smokers 


and non-smokers (48 ± 4 percent in smokers vs 44 ± 4 
percent in non-smokers) However; platelet sensitivity 
to PGI,, expressed as sensitivity index to PGI,, was sig¬ 
nificantly lower in smokers compared to non-smokers 
(Fig 3). After smoking two cigarettes, ADP-induced 
platelet aggregation did not change in either group 
(49 ±2 percent in smokers vs 50 ±2 percent in non- 
smokers). In contrast, the sensitivity index to PGI, 
significantly decreased in non-smokers, almost reach¬ 
ing baseline-level for smokers (Fig 3). In smokers, 
however; no further decrease in platelet sensitivity to 
PGI* could be observed. Thus, after smoking two ciga¬ 
rettes, no further statistically significant difference 
between smokers and non-smokers could be found. 

Passive Smoking 


Sensitivity index to PGI* again was significantly 
lower in the smoker group as compared to non-smok¬ 
ers (Fig 4). Passive smoking in non-smokers induced a 



Ficurx 3. Sensitivity index of PCI* (Slao*) before sod after smok¬ 
ing 2 cigarettes in smokers and non-smokers. 


significant decrease in platelet sensitivity to PCI*, 
whereas in smokers no further decrease could be 
demonstrated. 

Discussion 

The main finding of this study is that smokers' plate¬ 
lets are less sensitive to the anti-aggregatory action of 
exogenous PGI* compared to platelets of non-smokers. 
Further; our results show that only in non-smokers 
does acute inhalkdon of tobacco smoke decrease plate¬ 
let sensitivity to PCI* in oifro. Finally, a decrease in 
platelet sensitivity to PGI, was observed in non-smok¬ 
ers after active as well as after passive smoking. 

It is well-established that platelet sensitivity to PGI, 
is a reliable and sensitive test to examine platelet func¬ 
tion.* 0 u In * ir experiments, there were two lines of 
evidence fo the reliability of this procedure. First, 
platelet sensitivity to PGI, was reproducible in two dif- 



Ficunx 4 Sensitivity index of PCI, (SIrci*) before and efter passive 
smoking in smokers and non-smokers. 
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ferent populations (eg, in 14 volunteers smoking ac¬ 
tively and in 21 volunteers smoking passively). Second, 
platelet sensitivity to FG1, was sensitive in distinguish¬ 
ing between the platelet function of smokers and non- 
smokers. Thus, it appears that this procedure is of 
additional value in examining platelet function in 
various circumstances. However, as with other platelet 
function tests, we do not know if this tn etf rc> procedure 
accurately reflects platelet function in vivo. 

We have usejj a rather high concentration of ADP, 
previously shown to be optimal for measurements of 
platelet sensitivity to PGI, 10 Therefore, our results of 
ADP-induced platelet aggregation cannot be compared 
with a previous study* using different, lower concen¬ 
trations of ADP This study showed a significant 
increase of ADP-induced platelet aggregation after 
smoking. Nevertheless, even with the high ADP-con- 
centration used in this study, there was a tendency 
towards an increase in ADP-induced platelet aggrega¬ 
tion after smoking two cigarettes in the non-smoker 
group. 

The influence of cigarette smoking on platelet func¬ 
tion has been investigated in several in vitro and in vivo 
studies/“ Although the precise effect is not clear, in 
most studies potentiation of platelet aggregation has 
been observed. Our findings of a diminished platelet 
sensitivity to an anti-aggregatory substance in smokers 
fits into the overall idea of a proaggregatory effect of 
cigarette smoking: Chronic smoking can desensitize 
blood platelets to PCI,; such platelets would hypothet¬ 
ically be more ready to aggregate and participate in 
plug formation, leading to arterial thrombosis. Our re¬ 
sults are thus in agreement with the well-known clini¬ 
cal finding of the increased incidence of thromboem¬ 
bolic diseases in smokers “ Since causes other than 
smoking could conceivably have led to a decrease in 
platelet sensitivity to PCI* observed in our smokers, 
we investigated whether smoking two cigarettes would 
acutely influence platelet sensitivity to PGI,. A signifi¬ 
cant decrease in platelet sensitivity to PGI, in non- 
smokers indicated that cigarette smoking is responsi¬ 
ble for the decreased platelet sensitivity to PGI, in 
smokers. 

The fact that acute smoking did not alter platelet 
sensitivity to PGI* in chronic smokers remains to be 
clarified: One explanation is that smoking two ciga¬ 
rettes exhibits a much lower emotional stress in smok¬ 
ers than in non-smokers. Since platelet aggregation has 
been shown to vary with emotional stress,® this could 
have led to a different platelet behavior after acute 
smoking. We did not measure plasma epinephrine 
concentrations parallel to platelet function in this 
study However, if one compares blood pressure and 
heart rate before and after smoking two cigarettes in 
smokers and non-smokers, one will find: a) no statis¬ 
tical significant changes in blood pressure, and b) a 


similar, marked increase in heart rate in both groups 
Despite not being statistically significant, there was an 
obvious increase in systolic and diastolic blood pres¬ 
sure after smoking two cigarettes in the non-smoking 
group (Fig 1) This increase could have reached statis¬ 
tical significance if more patients had been studied. 
Nevertheless, it seems unlikely that different adre¬ 
nergic stimuli were responsible for the difference in 
platelet behavior after acute smoking 

An alternative explanation is that acute smoking in¬ 
fluences lung function parameters differently in smok¬ 
ers and non-smokers, which could cause differences in 
platelet functioni Since no significant change in King 
function could be demonstrated in either group after 
smoking two cigarettes, we strongly feel that differ¬ 
ences in lung function cannot account for the different 
behavior in platelet sensitivity to PGI, after acute 
smoking it is interesting to note, however, that smok¬ 
ers revealed lower forced expiratory flow* rates at 50 and 
25 percent of vital capacity compared to non-smokers 
(table 1). These findings confirm previous studies*** 
indicating some degree of small I airways disease in 
smokers. Finally, platelets of chronic smokers may 
already be desensitized to an extent where no further 
decrease is possible, but this alternative was not 
clarified. 

In recent yean the possible consequences to the 
health of non-smokers exposed to cigarette smoke 
(passive smoking) have been examined “ * It has been 
shown that passive smoking could lead to deterioration 
of lung function in adults** and children / 7 * Further^ 
the effect of passive smoking on the development of 
lung cancer was studied epidemiologically in Japan, 17 
indicating the possible importance of passive smoking 
as one of the causa] factors of lung cancer To our 
knowledge, there is no evidence published so far indi¬ 
cating a higher risk of developing arterial thrombosis in 
passive smokers. 

In the present study of healthy male non-smokers, 
we found a significant decrease in platelet sensitivity to 
PGI, after acute passive exposure to tobacco smoke. 
This finding at least suggests that platelets of non- 
smokers passively exposed to tobacco smoke migh t also 
exhibit a higher tendency to aggregate. Further inves¬ 
tigation is needed to elucidate whether this finding is 
important with respect to a possible increased inci¬ 
dence of thromboembolic disease among non-smokers 
passively exposed to cigarette smoke. 

In any event, the present study has suggested that 
active and passive tobacco smoking is primarily re¬ 
sponsible for a decrease in platelet sensitivity to PGI, 
in vitro. Although the results obtained in vitro cannot 
be directly extrapolated to tn vivo situations, they may 
extend our understanding of the mechanisms by which 
smoking increases the risk of embolic disease. 
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Sinzinger, H. and Virgolini, I., "Are Passive Smokers at Greater 
Risk of Thrombosis?" Wiener Klinische Wochenschrift 20: 694-698, 
1989. 

This is a German language article with an English 
abstract. The abstract reports that ETS exposure has similar 
proaggregatory effects on platelets as does cigarette smoking. 
These results are suggested as providing a mechanism whereby ETS 
exposure might contribute to the incidence of atherosclerosis and ; 
thrombosis. 
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Besitzen Passivraucher ein erhohtes Thromboserisiko? 

. .^H. Siwinger Ijud^lrene Virgolini S3 

Athtroskleros eforsehungsgruppe (ASF) Wien und Kommiss(p n fur Atheroskleroseforsch^ ng rAWU 
(Obtnann: Prof. Dr. Dr. O. JCraupp) der Osttrreichischen Akademie der wrssenschalten Wien 


7 b£ Arc passive smokers at greater risk of thrombosis| 

Summary. In contrast to the proven association between 
aaive smoking and vascular injury, as well as hemostatic 
imbalance, such a relation is not jet proven for passive smoking. 
Vascular damage induced by smoking, however, can be seen in 
the matemo-fetal circulation of smoking mothers, being much 
more pronounced in the umbilical system than in feu I vessels 
These lesions show fast recovery after birth In non-smokers 
acute exposure to passive smoke induces a short-lasting 
activation of platelet function and the prostaglandin system; 
followed by a quick recovery. Chronic exposure of non- 
smokers to passive smoke, however, results in changes of these 
parameters comparable to those seen in smokers, charaaenzed 
by an salvation of platelet function and a decrease in platelet 
sensitivity to the antiaggregatory prostaglandin I>. These results 
suggest that in non-smokers with atherogenic risk faaors 
passive smoking may contribute to the incidence of athero¬ 
sclerosis. as well as acute complications (thrombosis). 

Key words Cigarette smoking, non-smoker, smoker, 
platelet funaion, prostaglandin system. 

Zusammen fas sung, lm Gegensau zu dem heute als sicher 
geltenden Zusammenhang zwischen aknvem Zigarettenrau- 
chen und Schldigungen am GcflGsystem sowte der Hlmostase 


ist dieser hinsichtlich passives Inhalicren von Zigareuenrauch 
nicht gesichen. Einzig im maiemo-fetaien kreislauf kann bei 
rauchenden Multem cine GefsGschldigung cindcutig belegt 
werden. Sie isi am Umbilikalsystem starker ausgepragt als im 
GefaGsystem des K.indes und zeigt erne rasche Riickbildung 
nach der Geburt. Beim Nichtraucher fiihn erne akute passne 
Rauchexposition zu kurzdauemden und sich rasch normahsie- 
renden Verknderungen der PUnchcnfunkuon und des Prosta- 
glkndinsysiems. Eine chromsche passive Rauchexposition 
fiihn hingegen beim Nichtraucher zu emer Anniherung dteser. 
Parameter an cine dem Raucher Ihnhche Situation, die durch 
eine Aktmerung der; Plittchen und eine verminderte Pliuchent 
sensitivitat gegenuber amiaggregatorischem Prostaglandin ! ; 
gekennzeichnet ist Diese Befunde legen die Vermutung nahe. 
daB bei Vorhandensem von atherogenen Risikofakioren das 
Passivrauchen rur Atheroskleroseinzidenz bzw akuten Kom- 
plikationen (Thrombose) bei Nichtrauchem beitragen konnie 

Schlusselwortrr Zigarettenrauch. Nichtraucher. Raucher. 
Plittchenflinktion, Prostagiandinsystcm 

Einleitung 

Das naturiich vorkommende Alkaloid der Nicoti- 
ana tabacum. Nikotin, verfiigt auf Grund seiner \er- 
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Abb. 1 Rasterelektronenoptiscfie Darstellung menschlicher Blutpllttcftenj to; .ruhende" (vor) und (b> aktiviene Ptirtchen von 
einem Nichtraucher (nach Passivrauchen) unter tdcniischen Aufarbeitungsbedingungen (GesamivergrOBenmg 6&00mal) 


gieichbaren Strukturmerkmale mit verschiedenen 
Zyklboxygenaseinhibitoren [10] wie Aspinn [24] bzw. 
Indomethabn [2] Qbcr eine Hcmmwirkung auf das 
Prostaglandinsysiem. „ Rauch* 4 (Nikotin/ltohlenmon- 
oxyd) hemmt die vaskuUre Zyklooxygenase und damit 
die Bildung von anuaggregatonsch wirksamen Prosta- 
g land in (PGI 2 [13). Nikotin bewirkt einen Formwan- 
del der Piattchen (Abb. I). Die damit verbundene Akti* 
vierung spiegelt sich in einer vermehnen Sekretion von 
proaggregatonsch wirksamem Thromboxan A 2 (TXA 2 ) 
[15. 17), piattchenspezifischer Proteine [20] und auch 
einer gesteigenen Aggregabilitat der Piattchen. die von 
der Nikoiinkoruentraiion abhfcngig 1st [5]J wider. 

Die Inieraktion der Piattchen mit der GefiBwand 
wird durch das TXA r PCI:-System geregelt [I9]j Das 
vorwiegend von den Endothelzellen produzierte PGI 3 
verhindert die Aniagerung der Piattchen an eine mit 
intaktem Endothel ausgekleidete GeffcBwand [14]. Diese 
Befunde lassen den SchluB zu, dafl Nikotin die Platt- 
chen aktiviert und daher atherogen wirkt. Diese vorwie¬ 
gend tierexpenmentell erhobenen Befunde konnten an 
aktiv rauchenden Personen bestfitigt werden [3, 6, 18, 
23): 

Hingegen existieren noch keme endgaitigen Aussa- 
gen uberden EinfluB von Passivrauchcn auf die genann- 
ten Parameter bei Nichtrauchem. 

Wir wollen die mdglichen brw. gesicherten Aus- 
wirkungen von passiv inhaliertem Zigarettenrauch, 
unter akuter und chronischer Exposition, auf die GefaB- 
wand^sowie Piattchenfunktion und das Prostaglandin- 
system bei Rauchem bzw. Nichtrauchem vergleichen. 

Ergebaisse 

Gcfiifiwand 

Eine Reihe von Hinwetsen macht einen direkten 
Zusammenhang zwischen mtitierlichem Rauchkonsum 
und pennatalen Komplikationen wahrscheinitch. Niko¬ 
tin und/oder RauchmhaltsstofFe beeinflussen die fetale 


Herzaktion [16] und Durchblutung (|12). Intrauterin sind 
sowohl die Durchgjngigkeit des Ductus artenosus als 
auch der GefSBtonus c^er Umbtlikalgefafle Prostaglan- 
din-abhingig. Die PGI 2 -Synthesekapazitat [7] ist bei 
rauchenden MQttem signifikant vermindert [8, 9). Zwi- 
schen emiedngter Plazentadurchblutung und vermin- 
dener PGI 2 -Synthese der UmbilikalgefiBe wurde dar- 
Qber hinaus eine signifikante Korrelation beschrieben 
[1). Auch eine verminderie Oberflachenauskicidung 
durch Endothelzellen sowie abschilfemdc Zellcn 
(Abb. 2) und andere morphologische Kntenen einer 
GefSBschadigung lassen sich nachweisen [4) Die groBen 
Anenen zeigen wesemlich starkere Fruhschadigungen, 
wie eine Verdickung der GefSflimima. Endbthelzelldes- 
quamation, ..fatty dots* 4 und .fatty streaks 44 . 

In-vitro-Studien uber die Auswirkung von Nikotin 
auf diverse GcfSflzellkulturen liefem allerdings nur 
indirekte Anhaltspunkte. Sie sind fur eine Priifung des 
Einflusses von Passivrauehem bzw. eine In-vivo-Aus- 
sage nicht bnuchbar. 

Thrombozytenfunkiion und Prostaglandinsystem 

in einem 18 m^ groBen Raum (22*C, 60% relative 
Luftfeuchtigkeit) wurden 30 Zigarenen der Marke 
.Gitanes** (1,5 mg Nikotmgehalt, 25 mg Teerinhalts- 
stoffe) geraucht. Aktiv rauchende 6 9 , 2 cf, 22 bis 
30 Jahre) und nicht rauchende freiwilljge Testpersonen 
(6 9,2d, 24 bis 30 Jahre) wurden diesem Rauch passiv 
far 60 Minuten emmalig bzw. wiederholt (lOmal in 
Serie, taglich einmal) exponiert. Die Piattchenfunktion 
(^-Thromboglbbulin (£-TG). R1A. Amersham, England; 
PUnchenfaktor 4 (PF4), RIA. Abbott USA; Piattchen- 
migration, ADP-<lM.M-)induzierte Aggregation, Platt* 
chenadhtsion in Glasperienslulen, zirkulierende 
Mikroaggregate nach Wu [25], zirkulierende Endothel 
zellen nach Hladovec [11) und das Prostaglandinsysiem 
(Plasma-TXBj, Malondialdehyd (MDA), HHT und 
Plattchensensitivitat gegenuber PGIj) wurden unter- 
sucht. Blutabnahmen aus einer ungestauten Kubitalvene 


IC 

c 

w 

CO 

cn 

h* 

ro 

w 

CO 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 




WVenrr kltnttche 

6% Sinsnger und Virjolim, Beutren Pauivraucher em erhdhtes Thrombotensiko r Woch««chnft 



) 

Abb. 2: Elektronenmikroskopische Aufnahme (Gesamrvergrd&crung I4 640mal) emer geschldigten Geflfloberfllche (Nabel- 
sehnurartenc; Mutter aktive Rauchenn, bis 30 Zigaretten/Tag) mu freiliegenden subendothelialen Strukiuren und emer sich 

abschilfemden Endothetzelle 


\! 
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erfoljgteni vor, unmittelbar nach sowie 20 und 60 Minu- 
ten sowie 6 Stunden nach der Rauchexposition. 

Akute Wirkung von Zigartnenrauch 

Abgesehen von den Piattchenproteinen P-TG und 
PF4 zcigen alie gemessenen Parameter eine signifikante 
Anderung um etwa ein Dtittel* die bei Nichtrauchem 
nach 6 Stunden nichtmehr nachweisbar ist (Tabeile 1) 
Ebenso zeigen Plasma-TXBj und MDA unier Akutex- 
position eine Aktiviemng, die nach 6 Stunden nicht 
mehr vorhanden ist (Tabeile 2). PUttchen zeigen nach 
Zigarettenrauchen auch morphologisch eine deutliche 
Ak' : vi-'tung (Abb. 2). Bei Nichtrauchem flilt schon 
na< .: ?r relativ kurren Exposition von nur IS Minu- 
ten *c^iuiber Passivrauchen eine signifikam (p < 0.01)i 
emicdrigte Sensitivitfit gegenuber PGI 2 im Vergleich 
zum Ausgangswert auf. Im Gegensatz zur Raucher- 
gruppe. bei der schon vor der standardisienen Rauchex¬ 
position ein pathologisch emiedngter Ausgangswert 
gefunden wird, ist bei den Nichtrauchem der EmfluD 
des Passivrauchens auf die PlatichensensitiviUt wesent* 
lich starker ausgepragt. Die Ausgangswene werden 
allerdings bei den Nichtrauchem schneller wieder 
erreichL 


Tabeile I. Pidtichenfunkuonsparameier von Nichtrauchem (erste 
Zeite} und Rauchem tzweitt Znlet bet etnmahgem biw: wteder- 
holtem Passivrauchen 



einmalig 

wiederholt 


akut 

! 6 Std 

vor 

akut 

j 6 Std! 

Adhlsion 

31 * 7 

0-4 

I7.S 6 

36 ±8 

28 ±3 


U ± 5* 

2 ± 3 

Ot 5* 

15 ± 4* 

1 ±4* 

Aggregation 

18 * 8 
7'* 5*1 

4-3 

-2 X 4 

10 4 

1 - 4* 

24 X 6 
6± 3? 

17 ± 4 

2 X 3 • 

Migration 

26-5 
10 ± 6* 

! ± 5 
-1 - 2 

12 ±3 
-l i 2* 

29 ± 7 
It 5* 

19 :± 5 

4 - 4* 

&-TC 

11 ± 3 
7±4 

1x2 

0-3 

10 ±4 
hi x :• 

16 ±4 

8 i3* 

12 ±4 

2 = 3* 

PF4 

13 X 5 1 
b-X2*\ 

0 - 3 

2-4 

8 ± 3 
! 1 x3 m 

18-3 

6 - 3* 

14-4 

3 x 3* 

zirkulierende 

Aggregate 

33 ± 6 

19 -X T 

2 X 4 

1 

19 - 7 

2 - 4* 

1 

43 - 8 

17 - 6* I 

30 ± 4 
; 4 - :• 

Endothelzelien 

36 - 7 
20 - 6* 

1 2 x ? 

6-4 

18-5 - 
4 - 3"' 

44 r 8 i 
19 r 3* 1 

26 r 4 

-2 — <9 


n - 8. ^Anderung; \ X SD. ‘ p < "<>1 . Siudent-uTest 

zwuchen beiden Gruppen. 
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Tabelle 2. Proxiagiatidtnsystem wot r Nick tranche™ (erne Zeiit) 
und Raucher* izweut Zeik) bei evtmaiigtm br*. wnederhoitem 
Pussivrauchen 



etnmaltg 

wiederholt 


akut 

6 Std. 

VOT 

akut 

6 Std. 

TXBj 

30 ±6 

17 £ 5* 

2 ±3 
-2 £4 

14 £ 5 
-1 £ 5* 

J6±4 

16 £ 5* 

30 £6 
' 5 £4* 

MDA 

22 £ 4 

11 £4* 

3 £4 

0 £ 3 

10 ± 4 

2 ± 4* 

29 £ 5 

10 £ 6* 

22 £ 5 

3 ± 3* 

HHT 

19 £ 3 

Il3 *4« 

2 £ 3 
-1 d:3 

8 £4 

0 £ 3* 

24 £4 

15 £4* 

19 ±4 

4 ± 2* 

IC-50/PGIj 

34 £ 5 

17 £ 5* 

l ±3 

1 ± 3 

15 £ 5 
0£ 3* 

40 £ 3 

18 £7* 

31 ±3 

5 £ 6* 


n - 8: VAnderungix ± SD; ■ p < 0,01 i; Student-t-Test 
rvM^hen beiden Gruppcn. 


Chrontsche Wirkung von Zigarettenrauck 

Wenn die Exposition gegenaber Zigarettenrauch 
in gleicher lntensitlt wiederhoh erfolgt, sind zuneh- 
mend bereits die Ausgangswerte far die Aggregabilitlt 
der PUttchen patholbgisch vertndert. Die Bcemfius* 
sung durch Passivrauchen ist jedoch im Trend sowohl 1 
far die Pttttchenfunktion als auch das Prostaglandinsy- 
stem eher sohwicher ausgeprfgt. Auch hier ist der 
EinfluB auf fJTG und PF4 geringer als auf die Qbrigen 
Parameter (Tabelle I). Nach 5Tagen tiglicher Rauchex- 
position unter den beschriebenen standardisienen 
Bedingungen n4hem sich die basalen Werte far die 
Pianchensensitivitat der Nichtraucher denen der Rau* 
cher kontinuierlich an, wihrend sich in der Raucher- 
gruppe selbst keine signifikante Veranderung nachwei- 
sen lafit (Tabelle 2). 

Dlsktwioi 

Nitrosamine sind im Nebenstrom in eindeutig 
hdherer IConzentration als im Hauptstrom enthalten 
Aus inhaliertem Zigarettenrauch (sowohl aktiv als auch 
passiv Rauchende) wird praktisch das gesamte Nikotin 
uber das Aivcolarendothel resorbiert und erreicht in 
erster Linie unmittelbar Here und Gehim, wo eine 
Besetzung von Rezeptoren mil jedem Zug bis zum 
^steady state - statxfmdet- Da die Halbweruwen von 
Nikotin jedoch unter 2 Stunden liegt, sind linger anhal* 
tende VerJtnderungen, wie z. B. der Thrombozytenfunk* 
tion, nicht mehr durch direkten NikotineinfluB erkUr- 
bar [24 Der um eine Zehnerpotenz niedrigere Benzol- 
gehalt in der Atemluft von Passivrauchem im Vergleich 
zu Aktivriuchera Ift&t einen groben Vergleich zwischen 
aktivem und passiven Rauchen zu. Es scheint, daB 
Raucher im Stnne einer ToleranzentwickUmggegenflber 
Nikotin eine permanent pathologisch vermindene Plan* 
chensensitiviUt gegenaber antiaggregatorisch wirksa- 
men Prosuglandinen aufweisen. Das Thrombocmbolie- 
risiko entwickelt sich bei Rauchem kontinuierlich und 
auf lange Sicht. Chronisches Rauchen kann die PUtt- 
chen gegenaber PGli desensitivieren [22, 231; was sich in 
einer gesteigerten Aggregationsbcreitschaft (Thrombus- 
bildung) widerspiegelt FQr passive Raucher (Mitrau- 


cher) hingegen besteht diese Gcfahr ebenfalls, allerdings 
wesentlich schnellbr, hilt jedoch nur relativ kuree Ze:: 
an. Obwohl kein direkter Beweis existiert, bestehi doch 
ein potentielles Risiko, besonders in Kombination mil 
anderen Risikofaktoren, wie z. B. Hypercholestennamie, 
„Pille~, Doping so wie bei maximaler anaerober Bela- 
stung. Es handelt sich dabei um cine Kette von Zusam- 
menhingen; die sicheriich in Abhingigkeit von Fre- 
quenz und lmensitat der Exposition etne Schidigung 
wahrschcinlich macht. Ober eine mdgliche unterschied- 
liche Toleranz und Abwehrkapazitlt der genannten 
Systeme gegenaber Passivrauchem ist noch nichts 
bekannt. Aus den genannten GrQnden ist ein direkter 
Nachweis einer auf Passivrauchem zuruckzufahrenden 
Schidigung wohl kaum jemats weder naturwtssen- 
schaftlich im Einzelfall noch statistisch epidemiologisch 
zu fahren. Die Befunde zeigen, daB durch Passivrau¬ 
chen der Nichtraucher zum Raucher wird. Das AusmaB 
der Verinderungen zeigt eine signifikante Belastung des 
Htmostasesystems an, aber eine gesicherte Schidigung 
kann wegen der hoben Reservekapazitit des Organis- 
mus nicht sicher bewiesen werden. 

Aubllck 

Obwohl keine definitive Aussage Ober die Lang- 
zeitfolgen von passivem Rauchen auf die genannten 
Parameter der Plittchenfunktion bzw das Prostaglan- 
dinsystem und damit auf die Entstehung atheroskieroti- 
scher Verinderungen mOglich ist, sprechen die bisher 
bekannten Befunde, v.a. die Befunde am Ungeborenen, 
dafar, daB die passive Konfrontation mit Zigarerten- 
rauch, neben psychosozialen Aspckten, im Einzelfall 
auch geflBschidigend und gesundheitsgefahrdend sein 
kann. 
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Cber die Regression atherosklerotischer Lasionen 

<£ 

G. Weber, L. Resi u)^fl P. Tanganelli 

Atheroskleroseforschungszentrumjnsmut fur Pathologische Anatomie (Vorstand: Prof. Dr. G. Weber>< Universitft Siena. Italien 


7 Regression of atherosclerotic lesioasj 

Summary. The regression of even advanced atherosclero¬ 
tic vascular lesions is now well-documented in various animal I 
species (dogs, pigs, rabbits, birds and monkeys). In man, 
v. ell-controlled studies in selfccted groups of patients have 
already shown that a reduction of luminal stenosis may take 
place. After a reliable morphological und morphometric vali* 
dation has been obtained, non-invasive and easily applicable 
methods are available which allow reproducible documenta¬ 
tion of the reduction in lesions. 

Key *'ords Atherosclerosis, regression. 

Zusammen/assurtg. Die ROckbildung atherosklerotischer 
Lasionen auch ausgeprtgter Natur 1st heute bei verschiedenen 
Spezies (Hund. Schwein, Kaninchen. Vogel und Affen) doku- 
mentien. Beim Menschen haben kontrolhene Studien in selek- 
tienen Gnippen von Paiicmen gezeigt, daD eine Reduktion 
cincfi Svenosc eiTticht werden kann. Nach guter morpholbgi- 
>cher und morphornetrischer Validisierung stehen nichtinva- 
sive. leichi reproduzierbart Methoden zur Verfugung. die eine 
sichere Dokumentation der Reduktion von Lasionen erwarten 
lassen. 

Schliisseivoner Atherosklerose. Ruckbildung. 

Eialeitvag 

Durch gut ddkumentierte Umcrsuchungen (24) auf 
experimentellem Niveau bei verschiedenen Spezies 
tHund \\2l Schwein [II], Kaninchen 132, 39), Vogel 19)), 


; u ;: . - . :: 

ebenso wie bei Nichtmenschenafftn (4. 18. 19. 27] und 
einer Reihe von Untersuchungen der Wisslkr-Gruppe in 
Chicago nach diaietischen ; pharmakologischen und 
chirurgischen (panieller Ileum-Bypass) Behandllingen 
[40-43] scheint die Ruckbildung parietaler atheroskle¬ 
rotischer! Lasionen auch beim Menschen nachweisbarzu 
sein. 1m Rahmen eines Reviews von C J. Glueck [15] des 
Lipid Research Clinics Coronary Primary prevention 
Trial und der Oslo-Heart-Siudie wird berichtet. daB im 
„Leiden Interventional Trial ein Stoppen des Wachs- 
tums der koronar-atherosklerotischen Lasionen mil der 
Rate des Gesamtcholesterins zu HDL-Cholesierin kor- 
relierte**. 

Zuletzt haben Blankenhom und Mitarbeiter |6] in 
einer Monographic Planung, Methode und erne Ergeb- 
nisse der Cholesterin-Aiherosklerosesenkungsstudie 
(CLAS) mitgeteilt. In einer Zusammcnfassung friiherer 
Arbeiten erinnem sie daran, daB 2 generelle Strategien 
angewandt wurden. um die Wirksamkeit von Mcdika- 
menten oder diitetischen MaBrtahmen zu priifen. die 
ein Fortschreiten atherosklfcrotischer Lasionen beim 
Menschen verlangsamen Oder eine Ruckbildung errei- 
chen solien. Die erste Strategic ist es, Effekte von 
Atherosklerose-bezogener Morbidity und Monalitat 
nachzuwcisen. Diese Strategic nimmt an. daB die 
Effekte der Therapie ausgepragt genug sind, um trotz 
der Anwesenheit ausgepragter Lasionen das bekannte 
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Davis, J.W., Shelton, L. , Watanabe, I.S. and Arnold, J. , "Passive 
Smoking Affects Endothelium and Platelets," Arch. Intern. Med. 
149: 386-389, 1989. 

Ten healthy nonsmokers (medical students and physicians) 
sat for 20 minutes in a hospital corridor where patients typically 
went to smoke cigarettes. This constituted "passive smoking" or 
ETS exposure. Blood values before and after these 20 minute periods 
were compared to those obtained during a control period, when the 
subjects simply sat for 20 minutes in a laboratory room where 
smoking was prohibited. 

The authors reported that ETS exposure was associated 
with increased platelet aggregation, as well as with an increase 
in the number of anuclear endothelial cell carcasses in the blood. 
Both of these effects were considered to be important mechanisms 
involved in atherosclerosis and arterial thrombosis. These effects 
on platelets and endothelial cells were described as being similar 
to those observed with "active" smoking. 

Comment 


This report suffers from a variety of important flaws. 
It involves a very small number of subjects (only 10) and no 
females. Furthermore, there was no true control condition in this 
study, which raises the possibility that a variety of potential 
confounding factors may have influenced the results. That is, 
ETS exposure was in a hospital corridor, whereas the nonexposure 
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condition was in a laboratory. These are entirely different 
environments, involving social factors, noise factors, ventilation 
factors, and a variety of other differences. 
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was withdrawn vu 8.9 cm rather than the 30-cm length used in 
our previous studies. u 

Endothelial Cell Counts 

(CourrU of Anudder Endothelial Coll Carcees**) 

The method of Hladovec and Ro«niann ,T m used. Nine 
milliliters of venoua blood vu collected in a siliconized centrifuge 
tube that contained 1 mL of 3.8% trisodium citrate and mixed. 
Centrifugation at 4*C and 395 g (middle of the tube) for 20 minute* 
removed the erythrocyte# and leukocyte#. One milliliter of the 
supernatant wu mixed with 0.2 mL of adenosine 5'-diphosphate, 
disodium salt (3 mg/mL) and mechanically shaken for ten minutes. 
Another centrifugation at 395 g for 20 minutes removed the 
platelet aggregates. The supernatant was then centrifuged at 
2100 g for 20 minutes. After suspension of the sediment in 0.1 mL 
of physiologic saline by atimn^ with s siliconized giaaa rod, four 
Neubauer chambers were filled with the suspension, and the 
endothelial cells were counted using phase-contrast mieroecopy 
Results were expressed as the mean cell count of the four 0.9-uX 
chambers. 

On two occasions, we evaluated the possibility that the cells 
counted as endothelial cells might instead be megakaryocyte 
fragment*. The cells were transferred from the saline suspensions 
to glass slides by centrifugation (Cytospin, Shandon Southern 
Instruments, Inc, Birmingham, Alai The slides were incubated 
for 45 minutes with mouse monoclonal anti-human platelet gly¬ 
coprotein lb antibody (Dako Corp, Santa Barbara. Calif) that was 
diluted in phosphate-buffered saline to s concentration of 16.5 tig 
of antibody protein per milliliter, washed with phosphate-buffered 
saline, incubated ; for 45 minutes with goat anti-mouse IgC fluo¬ 
rescein conjugate (Boehringer Mannheim, Indianapolis) that was 
diluted to a concentration of 94 tig of antibody protein per millili ter, 
and washed again. Fluorescence microscopy revealsd no fluores¬ 
cence of the endothelial cell preparations, while simultaneously 
processed slides on which human bone marrow aspirates had been 
smeared showed strong fluorescence of large cells that were 
presumed to be megakaryocytes. 

Plasma Nicotine 

A portion of the platelet-rich plasma, prepared in the first 
centrifugation in the procedure for endothelial cell counting, was 
kept frozen at -8CTC until it was thawed for extraction and 
preparation for gas chromatography by the method of FVyerabend 
and Russell, u using an instrument that was equipped with a. 
nitrogen-phosphorus detector (Aerograph 1400, Viirian Instru¬ 
ments Division^, Walnut Greek, CalifX The length of the column 
was 90 cm. Column temperature was 150*C. The method was not 
otherwise modified from the original. 11 The means of duplicate 
assays of each sample of plasma were used for statistical analysis. 

Csrt>o iy t>wnoj lo bln 

B, xi was taken into a heparinized syringe for determination of 
the carboxyhemoglobih level by spectrophotometry (11-282 
CO-oximeter, Instrumentation Labomoriea, Lexington, Mass). 

Statistical Analyst* 

Two-tailed Wiltoxoa signed-rank teats were used to determine 
the significance of the differs ace# between the means of the paired 
variables shown in the Table and in Figs 1 through 4. Confidence 
intervals of the difference* ware calculated according to Gardner 
and Altman.“The Spearman rank correlation coefficient was used 
as a measure of the association between variables. 

RESULTS 

The Table shows the mean values of each variable before 
and after the control period. No significant differences 
occurred (P>.2 for each comparison X 

Figure 1 shows that the platelet aggregate ratio of each 
of the ten subjects was lower after than before passive 
smoking. The mean values (± 1 SD) were 0.87 ± 0.06 before 
and 0.78 ±0.07 after passive smoking, with s mean differ¬ 
ence of 0.09 and s 96% confidence interval of 0.0S to 0.15. 
Figure 2 shows that the endothelial cell count was always 
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Fig 1.—Ptctatat aggregate ratio* before and attar passive smoking. 


higher after than before passive smoking. Mean values 
(±1 SD) before and after were 2.8±0.9 and 3.7±1.1 per 
counting chamber, respectively, with s mean difference of 
0.9 per chamber and a 96% confidence interval of 0 to 1.8 
per chamber. 

Figure 3 shows that nicotine was not detectable in the 
plasma of any subject before passive smoking and was 
present in the plasma of all but one subject after completion 
of the 20-minute period of passive smoking. The mean 
concentration (±1 SD) after passive smoking was 
2.8 ± 1.2 ng/mL. 

Figure 4 shows that the carboryhemoglobin level was 
higher after passive smoking in all but one subject, whose 
value was unchanged. Mean values (±1 SD) were 
0.9% ±0.3% before and 1.3% ±0.6% after passive smoking, 
with s mean difference of 0.4% and a 96% confidence 
interval of 0% to 0.8%. * 

After passive smoking, the percent carboxybemogiobin 
level did not correlate significantly (F>.60) with the 
platelet aggregate ratio or the endothelial cell count. The 
correlation coefficient between the change in the carboxy- 
hemoglobin level from before to after passive smoking and 
the corresponding change in the endothelial cell count was 
.78 (P<.01X while the change in the carboxybemogiobin 
level was not significantly (F>.30) correlated with that of 
the platelet aggregate ratio. Neither the plasma nicotine 
concentration after passive smoking nor its change from 
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Fig 2 .—Endothelial ceil count* befwe and after passive smoking. 



Fig 3.—Plasma nicotine c once ntrati ons before and attar passive 

Vir-; 


be/ore to after passive amoking was significantly (P>. 20) 
correlated with the corresponding values of the platelet 
aggregate ratio or the endothelial call count. 

COMMENT 

Hladovec and Ros*mann ,T described a simple method for 
the quantitation of anudear carcasses of endothelial cells 
in blood. The identity of endothelial calls was baaed on 



F$ 4.—Carboxyt*emogtob*n levwts before and after paaaiva amok- 
rig 


their morphologic similarity to cells that were scraped 
from the endothelium, with the exception that the cells 
isolated from blood had no nuclei. Takahashi and Harker* 
added cultured human endothelial cells to blood and recov¬ 
ered them from mononuclear cell fractions in which they 
were identified by the presence of factor VIUnrelated 
antigen as a cell marker. They detected no endothelial cell* 
in roononucltiar cell fractions of venous blood from ten. 
normal subjects. Using the method of Hladovec and Rose- 
mmn 17 we»» found endothelial cells in the venous blood of 
normal men and women and men with coronary artery 
disease. Since, like Hladovec and Rossmann,” we saw no 
nuclei in these cells, there is no conflict with the report of 
Takahashi and Harker* of the absence of endothelial cell* 
from mononuclear cell fractions. In a previous study* we 
identified the anuclear cells as endothelial by their fluores¬ 
cence after incubation with fluorescein-labeled anti-human 
factor VIII-related antigen antibody and by the lack of 
fluorescence of the epithelium in simultaneously incubated 
sections of human skin. 

The present study showing that brief passive exposure 
to tobacco smoke under naturally occurring environmental 
conditions has consistent acute effects on the endothelium 
and platelets, was limited to a group of ten healthy male 
nonamokers. It seems likely that this small group may be 
representative of the general population since we observed 
similar effects of active smoking on healthy male and 
female naive smokers,* healthy male* and female UWD. 
and L.S., unpublished data, 1962) habitual smokers, and 
male habitual smokers with coronary artery disease.**" 
Other workers nave shown that passive smoking by non- 
smokers lowers platelet sensitivity to the antiaggregatory 
effect of prostacyelia." 

Although s statistically significant correlation between 
the change in the endothelial cell count and the change in 
the carboxyhemoglobin level from before to after passive 
smoking was found, there was not a significant correlation 
between these varisbles after passive smoking. previ¬ 
ously found that smoking tobacco cigarette* had a much 
greater effect on both platelets and the endothelium than 
did smoking cigarette* that contained no nicotine.* The 
relative importance of carbon monoxide, nicotine, and the 
many other components of tobacco smoke as causes of the 
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observed effects on platelets and the endothelium remains 
unclear. 

The significance of enhanced platelet aggregate forma¬ 
tion and an increased concentration of anuclear carcasses 
of endothelial ! cells in blood after passive smoking is not 
known: However, both platelet activation* and endothelial 
damage* are prominent among the mechanisms thought to 
be involved in atherosclerosis and arterial thrombosis. 
Epidemiologic studies are needed to determine whether 
repeated episodes of passive exposure to tobacco smoke 
during a period of years enhance the development of 
atherosclerosis and its complications in nonsmokers. A 
large Japanese study® indicated that nonsmoking wives of 


heavy smokers had a higher risk of developing lung cancer, 
while the husbands’ smoking habit did not affect their 
wives’ risk of dying of ischemic heart disease. Stock* 
suggested that Japanese people may be protected from 
fatal coronary heart disease by a high dietary intake of 
eicosapenlaenoic acid. We hope that our work will be an 
impetus to the develbpment of epidemiologic investigations 
of a possible relationship between passive smoking and 
vascular diseases in Western countries. 


Thu work m supported by s gram from Lb* American Heart Association, 
Kaa—ft Affiliate, Tbpefcft, and by the Veteran* Adnumairmtion. 
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Moskowitz, W.B., Mosteller, M. , Schieken, R.M. , Bossano, R., 
Hewitt, J.K., Bodurtha, J.N. and Segrest, J.P., "Lipoprotein and 
Oxygen Transport Alterations in Passive Smoking Preadolescent 
Children: The MCV Twin Study," Circulation 81(2): 586-592, 1990. 

This is a statistical study attempting to determine 
potential relationships between several blood chemistry values of 
preadolescent children in relation to parental smoking habits. 
The authors reported that ETS exposure from the parents was 
associated with elevations in 2,3-diphosphoglycerate (2,3-DPG)'. 
ETS exposure was also reported to be associated with decreases in 
certain HDL subfractions. The data regarding 2,3-DPG were 
characterized as indicating that ETS exposure induces a hypoxic 
state. Elevations in 2,3-DPG thus reflect an attempt by the body 
to compensate for this hypoxia. The significance of the changes in 
HDL levels stems from reports that the incidence of atherosclerotic 
heart disease is associated with decreased levels of HDL. 
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Lipoprotein and Oxygen Transport 
Alterations in Passive Smoking 
Preadolescent Children 


The MCV Twin Study 


William B. Moskowitz. MD, Michael! Mosteller. PhD, Richard M. Schieken. MD, 
Rodngo Bossano, MD, John K. Hewitt, PhD, 

Joann N. Bodunha, MD, MPH, and Jere P. Segrcst, MD, PhD 


We investigated the cardiovascular effects of lifelong passive cigarette smoke exposure in 
preadolescent children and examined the following questions: 1) Is systemic oxygen transport 
altered? 2) Are coronary heart disease risk factors adversely affected? We recruited 216 families 
from the MCV Twin Study; 105 had at least one smoking parent. Serum thiocyanate and 
cotinine levels were used as measures of smoke exposure in the children and thiocyanate was 
proportional to the number of parental cigarettes smoked each day (p= 0.0001). Paternal 
smoking bad no effect on these measures. Whole blood U-dipbospboglyeermte was higher in 
smoke-exposed than unexposed children (p<0.01) and was related to the thiocyanate level 
(p <0.02)i High density lipoprotein (HDL) cholesterol was lower in passive smoking children 
<p<0.05U the HDLj subfraction was reduced in passive smoking boys, while the HDL, 
subfraction was reduced in passive smoking girls. Significant adverse alterations in systemic 
oxygen transport and lipoprotein profiles are already present in preadolescent children exposed 
to long-term passive cigarette smoke, primarily from maternal smoke. Children with long-term 
exposure to passive smoke may be at elevated risk for the development of premature coronary 
heart disease. (Circulation 1990;81:586-592) 


T he adverse health effects of actively inhaled 
cigarette smoke include impaired pulmonary 
function, increased coronary and cerebrovas¬ 
cular disease, chronic pulmonary disease, and 
cancer. 1 ' 3, Cigarette smoking is a powerful indepen¬ 
dent risk factor for myocardial infarction, sudden 
death, peripheral vascular disease, and stroke and is 
the most important of the modifiable risk factors for 
coronary heart disease. 4 The greatest relative risk 
related to smoking occurs in younger age groups. 5 
*and an unusually high proportion of individuals with 
premature coronary heart disease are smokers. 6 
Therefore, smoking is an important risk factor asso¬ 
ciated with premature coronary heart disease. 
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Infants and young children of smoking parents who 
arc passively exposed to cigarette smoke are more at 
risk for lower respiratory tract infections and smalli 
airway disease than are children pf nonsmoking 
parents. 7 * 8 What is less dear is whether the cardio¬ 
vascular and oxygen transport systems of the growing 
child arc adversely affected by long-term exposure to 
passive inhalation of cigarette smoke. Atheroscib- 
rotic changes found in middle-aged men may begin m 
childhood where certain nsk factors are thought'to 
be related to the earliest stages of atherosclerotic 
disease. 9 * 10 Therefore, we asked the following ques¬ 
tions: 1) Is systemic oxygen transport altered in 
chronically exposed passive smoking children of 
active smoking parents? 2) If abnormalities exist, are 
they related to the amount of cigarette smoke expo¬ 
sure? 3): Does passive cigarette smoking in> preado- 
lescent children detrimentally alter their coronary 
heart disease nsk factors 7 To answer these questions, 
we evaluated the systemic oxygen transport variables, 
coronary nsk factors, and echocardiographic cardio¬ 
vascular measurements of 216 pairs of preadoiesccnt 
twins from smoking versus nonsmoking families. 
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Methods 

Population 

As pan of an ongoing genetic longitudinal!study of 
developmental changes in cardiovascular risk factors 
during adolescence, wc recruited families with rwins 
from nearby school systems. Eleven-year-old twins 
were ascertained! from more than 75 middle schools 
of central Virginia: within a 150-mile radius with use 
of a computerized! population-based registry. Infor¬ 
mation! packets were mailed to the schools for distri¬ 
bution to parents of twins to maintain confidentiality 
from the investigators. The parents who replied by 
mail (50ft): were invited to pamcipate. 

The families participated in a protocol that 
included the collection of data on family health 
histones, smoking history (histoncal data provided by 
parents), blood pressure, electrocardiographic mea¬ 
surements, echocardiographic measurements, and 
the collection of blood samples for biochemical 
assays. The number of cigarettes smoked each day by 
the parents was recorded. No attempt was made to 
prescreen' enrollees for the presence or absence of 
cardiovascular risk factors. Informed written consent 
which had been approved by the Committee on the 
Conduct of Human Research of the Virginia Com¬ 
monwealth University, was obtained from each fam¬ 
ily before it entered the study. 

Procedures 

Anthropometries and blood pressure. Height and 
weight of each subject in stocking feet were measured 
with a stadiometer and digital scale, respectively. 
Sexual maturation was self-assessed' by asking each 
subject to select a drawing of the Tanner stage of 
pubic hair development that most closely corre¬ 
sponded to his or her own level of sexual 
development. 11 Two resting blood pressure measure¬ 
ments were obtained with the subject in a sitting 
position using a mercury sphygmomanometer and the 
appropriately sized compression' cuff. The fourth 
Korotkoffi phase was recorded as the diastolic blood 
pressure. 

Echocardiography. Echocardiographic left ventric¬ 
ular wall thicknesses and chamber dimensions were 
measured according to standardized measurement 
criteria. 12 Echocardiograms were obtained with the 
subject in the recumbent position using an SKI 
ultrasonoscope 2Q'A with a 3.5 MHz probe and 
Honeywell 1856 stnp-chart recorder. Echocardio¬ 
grams were obtained and read in a blinded fashion; 
the individuals performing and reading the echocar¬ 
diograms were not aware of the passive smoking 
status of the children. The echocardiographic trac¬ 
ings were placed over a bit pad and using a micro¬ 
computer, digitized echocardiographic dimensions, 
wall thicknesses, and heart rate were measured and 
stored on diskette. The measurements were not 
adjusted for heart rate. The data from the diskette 
were transferred to a computer where the echocar¬ 
diographic-derived variables were calculated. 13 


Blood samples. A sample of whole blood was 
obtained, stored on ice. and processed within 1 hour 
for quantitative lipoprotein cholesterol! measure¬ 
ments using the vertical spin ultracentrifugauon 
technique. 1 - 1 Quantitative lipoprotein cholesterol lev¬ 
els were obtained on ail but five nonsmoking and 
three passive smoking twin pairs. Hematocrit was 
determined in duplicate by capillary tube centrifuga¬ 
tion. Early in the study, we obtained the techniques 
to measure whole blood thiocyanate level (n = 108 
twin pairs)iand red blood cell 2.3-diphosphoglycerate 
level (2.3-DPG) (n=I63 twm pairs). Blood thio¬ 
cyanate concentration was determined by a quan¬ 
titative colonmetnc method at 450 nm 1 - 16 and redicell 
2.3-DPG level was determined by the method of Fiske 
and SubbaRow. 1 7 Scrum cotminc concentration was 
quantitated by radioimmunoassay methods. 1819 

Data Analysis 

Data are presented as meaneSD.. Statistical dif¬ 
ferences between group means were assessed by 
two-sided r tests, taking into account whether group 
variances were equal. Because twins share genes and 
environments and represent nomndependent obser¬ 
vations, data from only a single twin randomly ascer¬ 
tained from each family was used to determine group 
means for statistical testing. Nonparametnc correla¬ 
tion coefficients using the Kendall Tau B statistic 
were used when it was apparent that a given variable 
was not normally distributed, such as cigarettes 
smoked each day, serum thiocyanate, and high den¬ 
sity lipoprotein (HDL) cholesterol. Regression analy¬ 
sis was used to remove the effects of confounding 
variables. 

Group means for passive smoking and nonsmoking 
subjects were adjusted to correct for differences in 
age, height, weight, and, when the groups included 
both males and females, sex. A multiple linear regres¬ 
sion analysis was conducted in which the response 
variable was modeLled as a linear function of the above 
covariates. Regression coefficients were obtained and 
the expected value of the response variable was cal¬ 
culated with the covariates fixed to their mcan values. 
These adjustment computations were carried out 
using the lsmeans option of the General Linear 
Models procedure of the SAS statistical package. The 
hentability of specific variables was estimated as two 
times the difference of the rwm correlations in 
monozygotic and dizygotic pairs. 20 All results were 
considered statistically significant at p<0.05. 

Results 

Smoking data were available on 216 families 
enrolled in the MCV Twin Study. One hundred 
elfeven of these families had nonsmoking parents. Of 
these nonsmoking families, both parents were never 
smokers in 50, the father smoked in the past in 25., 
the mother smoked in the past in nine, and in 27 both, 
parents smoked in the past. Of the mothers who 
smoked in the pasu 21 smoked during the pregnancy 
of the twins. Fathers who smoked in the past stopped 
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smoking 10.0=6.7, years before evaluation, though 
five stopped smoking within 1 year of the study. 
Mothers who smoked in the past stopped smoking 
8*6=7:3. years before evaluation with seven stopping 
within I year of the study. 

In 105 families, either or both parents were ciga¬ 
rette smokers at the ume of evaluation, and maternal 
smoking during pregnancy occurred in 69 of these. In 
the 105' smoking families, the father was the only 
smoker in 44%, the mother in 329c. and both parents 
were smokers in 24%. The fathers began smoking at 
18*2=6.2 years of age and presently smoke 24.5=12.6 
cigarettes/day. The mothers began smoking at 
18:4=4:3 years of age and presently smoke 18.5 = 9.7 
cigarettes/day The total daily number of cigarettes 
smoked by the parents ranged from 1 to 10 in 179c. 11 
to 20 in 32%. andwas greater than 20 in 519c. 

Data were obtained and analyzed on 105 passive 
smoking twin pairs and 111 non^passive smoking 
twin pairs. Of the non-passive smoking twin pairs. 61' 
were monozygotic and 50 were dizygotic, while of the 
passive smoking twin pairs. 55 were monozygotic and 
50 were dizygotic. None of the twins had ever smoked 
cigarettes. 

Indexes of passive cigarette smoke exposure were 
obtained by measuring serum levels of counine and 
thiocyanate. The passive smoking twins (rt*35) dem¬ 
onstrated higher levels of thiocyanate than the non¬ 
passive smoking twins (n*89) (7.1=4J vs. 3.1ef5t0 
mg/LpcG.0001). Passive smoking boys and girls had 
similar elevations of thiocyanate (7.0=4.l^and 
7.3=4.5 mg/1;- respectively); Counine was not 
detected in non-passive smoking twins but was pres¬ 
ent in passive smoking twins (1.5=3J ng/ml),*and 
serum thiocyanate level correlated with the cotinihe 
level (r*0.44. p<0.005). The level of thiocyanate in 
non-passive smoking twins is best explained by non¬ 
tobacco* dietary sources of thiocyanate as we can 
exclude the possibility of significant smoke exposure 
outside their homes due to the absence of counine in 
their blood. The intrarwm pair correlation for thio¬ 
cyanate was high (r=0.94 v p<0.0001)i demonstrating 
that twins within a smoking family generally have 
similar exposure to home environmental cigarette 
smoke. 

Within all smoking families, thiocyanate level cor¬ 
related with the total number of cigarettes smoked 
* each day (r*0J5,p< 0*0001). In a subgroup of smok¬ 
ing families in which the mother but not the father 
smoked (n« 14), there was good correlation between 
thiocyanate level in the twins and the number of 
cigarettes smoked each day by the mother (r*0-57, 
p <0.01) (Figure 1), whereas in families in which the 
father was the only smoker (n*38): no correlation 
was found. This suggests that paternal cigarette 
smoking provides little or no contribution to the 
home passive smoking environment and that mater¬ 
nal cigarette smoking is the major source of child¬ 
hood passive smoke exposure. 

The unadjusted data on passive smoking and non- 
passive smoking groups as a whole and separated by 
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FIGURE 1. Plot of the reiauon of child serum thiocyanate 
level to number of cigarettes smoked each dav M the mother 
Plotted points represent data from 1* passive smoking chil¬ 
dren. Kendall Tau B correlation coefficient *0.57: p<0.01 

sex are presented in Table 1. while variables of 
interest after adjustment for age. height: weight, and 
sex are presented m Table 2. Passive smoking and 
nonsmoking groups were similar for age. Tanner 
stage, height, systolic blood pressure, and diastolic 
blood pressure. Girls were more advanced in. sexual 
development by Tanner stage than boys in both 
non-passive smoking and passive smoking groups 
(p< 0.01). Passive smoking children weighed slightly 
more than non-passive smoking children. 

The hematologic data on passive smoking and 
non-passive smoking groups are shown in Tables 1 
and 2. The mean hematocm value was similar for the 
two groups. Passive smoking children had' higher 
whole blood levels of 2J-DPG. While this difference 
was significant m ■ the boys, a similar trend was 
present in the girls, in smoking families, the 23-DPG 
level correlated directly with the serum thiocyanate 
level and the totaJ number of cigarettes smoked by 
the parents (both. /><Q.05). The relation between the 
2,3-DPG level and the serum thiocyanate level in 
passive smoking children (r~0i29, p< 0.02) is shown' 
in Figure 2. 

Quantitative lipoprotein cholesterol levels arc pre¬ 
sented in Tables I and 2. The mean time elapsed 
from the last meal to the time of blood drawing was 
6.3 hours and was similar for passive smoking and 
non-passive smoking groups. In our population, the 
duration of fasting did not contribute to the variance 
of either total cholesterol or lipoprotein levels 21 The 
passive smoking group had significantly lower total 
cholesterol than the non-passive smoking group. 
Passive smoking boys had slightly higher total choles¬ 
terol and low density lipoprotein (LDL) cholesteroli 
levels than non-passive smoking boys, though these 
differences were not statistically significant. How¬ 
ever. passive smoking girlfc had significantly lower 
levels of total cholesterol and LDL cholesterol when 
compared with non-passive smoking girls. 

Significant mtergroup differences were seen in the 
HD r cholesterol subfractions. Total HDL choles¬ 
terol was lower in the passive smoking group when - 
compared with the non-passive smoking group* even 
after adjusting for age. weight, height, and sex. This 
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Tvaui 1. Unadjusted Mean = SD for Passive Smoking and Nonsmoking Twin Groups 



.AJI rwms 

Boys 

Girts 

Nonsmoking 

<n«m> 

Passive smoiung 

In*1G5V 

Nonsmoamg 

(n * 56) 

Passive smoking 
(h»50) 

Nonsmoking 

(n«55) 

Passive smoKing 
l 55 1: 

Age 

n.a=i.: 

11.9=1.: 

12.0=1.4 

11!5 = 1.1 

11.6=1.0 

11.9=1.3 

Tanner 

2.6= 1.2 

2.7 r 1.3- 

2.5= 1.2 

2.4= L2 

2.8 = 1.3; 

3.0=1 3 

Height icm> 

149:1 = 99 

150.5=9.1 

150.0=11.4 

149.6=9.1 

148.2 = 8.2 

151i.H=9 1 

Weight (kg) 

39:8 = 3.9 

43.1 = 11.3- 

40.1=9.1 

43.2=11.8 

39.6 = 8 8 

43.0= 10 9 

Hear: rate tbeats mini) 

•19= 12.5 

•2.6=12.4 

67.7 = 9.2 

69 1 = 10.5 

77.7= 13:3 

■6.2=13 3 

SBP (mm Hg) 

106.9=9,9 

109 1=9.6 

106.3=10.5 

1 lO.'l = 10.6 

107;5 = Q.2 

108.2=86 

DBP (mm Hg): 

59.5= 11.5 

61.5=10.8 

57.8=11.4' 

61.0=13.0 

61.2=11.4 

62.0 = 8.6 

Hematocrit (ft) 

39.8=1.9 

39.5=2.2 

40.0=19 

40,0=2.5 

39 6= 11.8 

39 1 = 1.8. 

DPG i*m/ml1 

1.98=0.28 

2.08=0.23- 

1.89=a26 

2:08=0.23+ 

2.05 = 0.27 

2.06 = 0;24 

Cholesterol'imgG:)' 

172.8 = 24.8 

164.3=29.5- 

168.2=22.0 

170.1=31.2 

177.4 = 26.8 

158 6 = 26.8: 

LDL (mg*t) 

86.5=19.5 

81.7=21.8 

81.6=17.8 

85Q=23.Z 

91l4=20. 1 

78.5 = 20 0: 

HDL 

495=9.3 

45.7= 10.4+ 

49.3 = 8.8 

45.2=9.6- 

497 = 9.7 

46.1 = 11.2 

HDL : (mgGr) 

13.9 = 7 4 

12.1 = 7.1 

13.6=7.2 

10.8=6.3- 

14.2 = 7.6' 

I3i2 = * ? * 

HDL, img^l 

35.7-6.5 

33.6=5.8* 

35.8=5 4 

344=5.8 

35.5 = 7.6: 

32.8 = 5.8- 

LH 

1 80=0:52 

1.88=0.67 

1170=0.47 

L95 = 0.64* 

1.90=0,55 

1.81=0.69 

LVM(e) 

90.8=18.5 

99 1=21.5- 

96.8=19.1 

104 7 = 20.7 

85 4=16.4 

93:9 = 21 4' 


DBP. diastolic blood pressure; DPG. 2.3-diphosphogiycerate. HDL high density lipoprotein cholesterol; LDL. low density lipoprotein 
cholesterol. LH. LDLHDL ratio: LVM: left ventricular mass; SBP. systolic biood pressure. 
m p<d.QSi *p< 0.01; $p<0.00L 


comparison is shown in Figure 3. The LDLHDL 
ratio was significantly elevated in the passive smoking 
boys, though the difference lost significance 
(p=0.06) after the data were adjusted. The HDL 
cholesterol subfraction level was consistently lower in 
all the passive smoking groups but this difference 
reached significance only for the unadjusted levels in 
the boys. An inverse trend was found between the 
total number of cigarettes smoked daily by the moth¬ 
ers and the serum HDL cholesterol level in the 
children. The lowest HDL: cholesterol levels were 
found in boys exposed to the highest number of 
cigarettes smoked daily by their mothers. These 
differences however did not meet statistical signifi¬ 
cance. The HDL, subfraction was significantly lower 
in the passive smoking group than the non-passive 
smoking groups with greater differences seen in the 
girls. 


Because of the observed influence of maternal but 
not paternal cigarette smoking on oxygen transport 
and lipoprotein profiles, we investigated: the possibil¬ 
ity that maternal smoking may have affected children 
during gestation. We therefore compared the data 
adjusted for age, height, weight, and sex obtained on 
one twin per family who never had: exposure to 
cigarette smoke (m — 33) to that of twins exposed only 
during gestation by maternal smoking (n = 8). An 
effect of fetal exposure on the HDL cholesterol Ifevel 
was found with lower HDL cholesterol levels in those 
children exposed in utero (44.6:= 2.2 vs. 50.2rl.l 
mg/dl, p<0,05), though the sample size was quite 
small, No other significant' differences were found 
between these groups. 

Echocardiograms suitable for measurement were 
obtained on 74 non-passive smoking and 66 passive 
smoking twin pairs. Left ventricular internal dimen- 


T kblz 2. MeuzSD la Puiiw Stacking and Nonsmoking Twin Gnxips Alter Adjustment for A«e. Weftfcfal Height, and Sex 



Ail twins 


Boys 


Girls 

Nonsmoking 

(n-Ul) 

Passive smoking 
(n-105V - 

Nonsmoking 
. (nw56) 

Passive smoking 
(n-50) 

Nonsmoking 

(n-55V 

Passive smoking 

(n *55) 

DPG (jAin/mi) 

1.97=0.03 

2.09 =0.03$ 

1.90=0.04 

2.08=0.04$ 

2-03=0.04 

2.10=0,04 

Cholesterol (mg%) 

172.2=2:7 

164.1 =2.7" 

168.9=3.7 

169.8=3.7 

176.6=3.7 

157.6=3.7$ 

LDL (mg^e) 

86 1=2.0 

81.3 = 2.0 

81.8=2.8 

84.7=2.9 

91.0=2.7 

77.5 = 2:7$ 

HDL(mg%) 

49.1=0.9 

46.0=0.9* 

49.1= 1.3 

45.5=1.3 

49.2= 14 

46.4=1,4' 

HDL, (mg^c) 

13J = 0.7 

1L5=0,7 

13.2=0.9 

11.3=0.9 

13.9=1.0 

13.5=li.O 

HDL, (mg9fc) 

35.6=0.6 

33.5=0.6- 

35.9=0.8 

34.1=0.8 

35.3=0.9 

32.8=0.9 

LH 

1.81=0.05 

1.86=0.06 

1.72=0.08 

1.94=0.08 

£ 

H 

p 

KJ* 

1.81=0.69 

LVM (g): 

93.6= 1.7. 

95.9=1.8 

100.9 = 2.6 

100.2=2.8 

87.3 = 2:4 

91 4=2.5 


DPG. 2.3-diphosphogiycerate: LDL low densiry lipoproictn; HDL high density lipoprotein: LH, LDLHDL ratio. LVM. left ventricular 
mass. *p<0.05: tp<0.01; %p< 0.001. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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y wwBtTcaw ^mrn/mJ 

FIGURE 2. Plot of the Ttianon between whole blood 13- 
diphosphogtveerate level and the serum thiocyanate level m 
-passive smoking children {n *35): Kendall Tau B correlation 
coefficient*0.29, p <0.02, 

sions in systolfc and diastole were the same for the 
two groups. The passive smoking group was found to 
have a higher left ventricular mass than the nonsmok¬ 
ing groups though the difference was lost after the 
data were adjusted for body size (Tables 1 and 2)i 

Covariates of smoking behavior and other con¬ 
founding variables were considered, which, could 
have affected the results. When parental income, 
education level, years of education, and beer and 
liquor consumption were compared between parents 
in smoking and nonsmoking families, no differences 
were found. 

When we compared the exercise level (the number 
of times each week vigorous exerase was performed)i 
in the twins themselves, the number of exercise 
episodes each week were similar for passive smoking 
and non^passive smoking boys (4.7r2.Q vs. 4.2 z 2.3 
times/wk) and for passive smoking and non-passive 
smoking girls (4,3r2.3 vs. 4.7r2.1 times/wk). x~ tests 
showed no association between smoking status and 
exercise in either the boys (* ;se L 7, p<0,2) or the 
girls (* : =0i5,p<0.5). 

A preliminary estimate of the heritabtlity of spe¬ 
cific variables was obtained using the study’s twin. 


51 
50 
- 4 9 

3? 

E 4 * 

O 47 
Z 

4 6 

4 5 

0 

FIGURE 3 . Bar graph of the comparison of total serum HDL 
ch olesterol level m non -passive smoking (n * } 06 j and passtve 
smoking (n *102) children after adjusnng for age. sex. height, 
and weight. Data represent group mean ~SD. *p <0.05. HDL, 
high density lipoprotein. 



Table 3. Utrvpiir Twin Correlations and Heriubilirv 



Monozvgouc 

In * 116 1 

Dizvgotic 

)00l 

Hentabiitrv 

WT 

091 

Gj5" 

6ST 

SBP 

0.66 

0;33 

66 Pc 

SCN 

0.94 

0.91 

6T 

DPG 

0.65 

0.41 

48* 

LDL 

0.81 

0.35 

92 T 

HDL 

0.81 

0 42 


HDL; 

0.81 

0.36 

88 T 

HDL. 

0.53' 

0.50 

6* 


AJ1 monozygotic rwm correlations are significant at p<O.OOJH 
Ail dizygotic rwm correlations are significant at />< 0.005 
WT. weight; SBP. systolic blood pressure; SCN. thioevanate. 
DPG. 2J-<iiphosphogiyctrate; LDL. low densiry lipoprotein. 
HDL, high density lipoprotein 


design. Intrapair twin correlations for identical and 
nomdentical twins are shown in Table 3. The henta- 
bility is indicative of the variation attributable to 
genetic effects. The correlation for identical twins is 
significantly higher than for nomdentical twins for all 
variables except serum thiocyanate and HDL? cho¬ 
lesterol levels. 

Within sampling error, the monozygotic correlation 
is twice the dizygotic correlation for systolic blood 
pressure, HDL cholesterol. HDD cholesterol, LDL 
cholesterol, weight, and left ventricular mass. These 
values are expeaed if mating is random with respea 
to the causes of juvenile measures, gene action is 
additive, and family environment does not cause rwm 
resemblance. These data also indicate that a high 
proportion of the variation in thiocyanate and HDL? 
cholesterol levels is attributable not to genetic effects 
but to environmental effects, such as passive smoking. 
The variation in 2.3-DPG levels appears balanced 
between genetic and environmental effects. 

Discussion 

We found alterations in systemic oxygen transport 
and lipoprotein composition in preadolescent chil¬ 
dren that were related to cigarette smoke exposure. 
Paternal smoking did not influence measures of 
passive smoke exposure, while maternal smoking 
affected children by providing passive smoke expo¬ 
sure in the home and possibly during gestation. 

Our results indicate that, as in other tissue hypoxia 
states (anemias, chronic pulmonary disease, cyanotic 
heart disease, and high altitude), the body attempts 
to compensate for hypoxia by increasing the 2.3-DPG 
level in the blood to meet tissue oxygen require¬ 
ments. A hypoxia-dnven mechanism to trigger 2.3- 
DPG synthesis may be responsible for the increase in 
2.3-DPG level in active smokers. 

Erythrocytosis occurs frequently in adult active 
smokers. Hematocnt elevation in active smokers has 
been asenbed to long-term exposure of even low- 
levels of carbon monoxide, which results in tissue 
hypoxia and leads to increased red cell mass. : * 
Hematocrit values for the passive smoking and non- 
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Moskowtc ct ai Passive Smoking Effects in Children 


passive smoking children in the present study were 
identical, though both groups were in the early stages 
of pubertal development. Steroid and adenohy¬ 
pophysial hormones, which positively influence 
eryttiropoiesis. 25 arc low in preadolescent children 
and progressively increase during puberty. Longitu¬ 
dinal evaluation of passive smoking,and non-passive 
smoking twins.as they progress through puberty may 
detect differences in hematocrit and other oxygen 
transport vanabies. which may be related to the 
degree of passive cigarette smoke exposure. 

The incidence of atherosclerotic coronary artery 
disease is strongly associated with increased levels of 
LDL cholesterol and decreased levels of HDL cho¬ 
lesterol. especially the HDL cholesterol subfrac¬ 
tion.- 6 -’ Active cigarette smoking alters the total 
serum cholesterol concentration and lipoprotein 
composition* which directly increase the nsk of cor¬ 
onary heart disease. In our population, children with 
a family history of premature cardiovascular death 
had lower levels of HDL; cholesterol than those 
without such a history. 21 ' 

During puberty ana early adolescence, levels of 
HDL and LDL cholesterol decrease in ail children, 
but the decrease m HDL cholesterol is more pro¬ 
nounced in boys than in girls. 25 Since the girls in our 
study population were more sexually developed than 
the boys, we cannot exclude the possibility that the 
passive smoking girife were more advanced in puber¬ 
tal development than their non-passive smoking 
counterparts, which could explain the observed dif¬ 
ferences in LDL cholesterol. HDL cholesterol levels 
fall during puberty in boys in association with 
increases in testosterone levels. 29 Passive cigarette 
smoking, by further diminishing the level of HDL; 
cholesterol in pubertal malts, may be associated with 
accelerated atherosclerotic changes and an increased 
nsk of coronary heart disease.. 

The passive smoking preadolescent boys demon¬ 
strated a tendency toward lower levels of the HDL; 
cholesterol subfraction, which was related to the 
number of cigarettes smoked daily by the parents of 
the boys. Because Bodurtha et al 21 showed that 
coronary heart disease deaths occur more frequently 
in families with low levels of HDL; cholesterol, a 
lower HDL cholesterol level in passive smoking boys 
likely represents an enhanced atherogenic risk factor 
for the subsequent develbpmcm of atherosclerotic 
coronary heart disease. 

Haffncr et al 30 found a reduction in HDL, choles¬ 
terol subtraction levels with active cigarette smoking. 
These authors also found that alcohol consumption 
raised HDL, cholesterol levels it appears therefore 
that HDL, cholesterol levels represent a reactive 
lipoprotein species that responds to specific environ¬ 
mental influences. Our data support this hypothesis by 
not only demonstrating Ibwer HDL, cholesterol levels 
in passive smoking children but also the low hentabil- 
icy of HDL, t implying high environmental variance. 
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Pomrehn, P., Hollarbush, J., Clarke, W. and Lauer, R., "Children's 
HDL-chol: The Effects of Tobacco; Smoking, Smokeless and Parental 
Smoking," Presented at the 30th Annual Conference on Cardiovascular 
Disease Epidemiology, Abstract, Circulation 81(2): 720, 1990. 

This study evaluated HDL-cholesterol levels in a group 
of 6th and 7th grade children. Children whose parents smoked 
reportedly had lower HDL levels. Personal use of tobacco (smoking 
or chewing) by the children also was associated with lower HDL 
levels. 
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taildren's HDL-chol: Th« IffieCs of Tobacc^; 
Smoking. Smokeless and Parental Smoking 


33 


Paul Pomrehn, Janet Hollarbush, William Clark*. 
Lonaid Lauar. University of Iowa, Iowa City, ZA 

Two project*, cha Muacatina PorwUroaity Scurfy «n4 
Che Prevention of AdoUscsnt Smoking Project, 
provided an opportunity to relate tobacco 
exposure, particularly paaalve exposure due to 
parental cooking, and HDL-chol level*. Thia 
report la baaed on cha data lathered from the 43^ 
atudenta in grades 6 4 7 in the Muscatine, la 
school aye too who participated in both survey*. 

| Children wheee parent* smoke daily had a lower 
Lean HDL-chol than those whose parents do not 
•■oka; 49.0 mg/dl (n-209) vs SI.7 mg/«l <w-242), 
!p<.0l. This association remained significant 
independent of body ness Index, age and gender. 

Regular tobacco use was reportsd by e snail 
portion of students. Students cooking oonchly e* 
nore have lower HDL-chol levels (41.3 mg/dl 
<0-51) vs 50.7 mg/dl <n-399)). toys she chew 
tobacco have lower HDL-chol levels [47.1 ^/dl 
(n-27) vs 30.4 ng/dl (n-224), p-.08). In boys, 
but not girls, the combination of parental 
Booking and the child's chaving or Booking had 
Cha lowest HDL-chol levels. 

These results suggest that tobacco exposure by 
personal us* of cigars teas or smokeless and 
passive exposure ell contribute to lower HDL-chol} 
levels In children. 


Chan ge in Alcohol Consumption and Risk of 

AU-Cause and Ischemic Heart Disease - 

Mortality in the Alameda County Study 

Naocy B. Luams. George A. Kaplan, Richard O 
Cohen, Diing-Jen Leu. California Public Health 
Foundation, Berkeley, CA 

Previous evidence suggests that those who ahauin 
from alcohol consumption are at higher risk of 
ischemic heart disease (IHD) mortality. It remains 
controversial whether the increased risk is found 
among all abstainers or only (hose who recently quit 
drinking. Differentiating between long-term 
abstainers and more recent nondrinkers, the 
proportional hazards model was used to study the 
change in alcohol consumgpon from 1965-to 1974 and 
10-year (1974-1984) all-cause and IHD mortality in 
4,070 persons aged 35 and over. Women who were 
moderate drinkers who quit compared to light 
drinkers at both rimes are at increased risk of 
mortality from all-causes (RH-6_5ri; 95%CI-Z.41 to' 
17.84) and from IHD (RH« 10.49; 95% Cl-2J0 to 
44.01), This is true for, men for all-cause mortality 
(RH - 1.78; 95%a - 1.12 to 2 .83) but not for IHD 
mortality (RH-0.75; 95%d-0_31 to 1.83). For, 
long-term abstainers compared to light drinkers, only 
men were at marginally increased risk and only for 
all-cause mortality (RH -1.26; 95%CI -0.91 to 1.75). 
Some of the increased risk associated with abstention 
appears to be due to a higher risk among those who 
quit. 
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Mortality la Exdrlakers ^ 

Arthur L. Rlstsky, Mary Ann* Armstrong, U- 

Cary D. Friedman. Kaiser Farmanenc* Medical 
Center, Oakland, CA 

higher mortality in sad Tinkers (vs. Ilf along ab¬ 
stainers) has usually bean attributed to a big bar 
p rev el enc* of illness amonc sxdriakars. Age- 
adjusted data for members of a prepaid health 
plan showed chat 3810 exdr inkers reported more 
illness than 13,310 abstainer* (47.01 vs. 36.IX) 
but cardiovascular (CV) risk was similar (40.3t 
of exdrlnkara vs. 41.lt of abstainers). During 
follow-up from 1978-1983 (median follow-up - 3 
years), 407 abstainers and 178 exdrinkara died. 
Age-adjusted Cox regression analyses showed that, 
compared to lifelong abstainers, exdrlnkara barf 
higher mortality from CV causes (relative risk 
[M] * 1.5, 95Z CT - 1.3-2.1, p<0.01) end from 
■on-CV causes (U-1.7, CI-l.3-2.1, p<0.001). Ad¬ 
justment for additional ceverlatee (sex, race. 
Making, body mas* index, marital status, educa¬ 
tion) reduced the mortality risk of eatdrlnhars; 

U for CV - 1.0; CI-Q.6-I.3 end It for non-CV - 
1.3, CI*1.0-1.7, p-0.05. Exdrinkers who stepped 
for medical reasons bad higher mortality from 
non-CV causes (IR-1.5, CI-1.1-2.L, p-0.01), but 
not from CV causes (IX-1.1, 01*0,7-1.6).. From 
Chase dsta, we conclude that higher non-CV mor¬ 
tality aoag exdrinkers is due eubstantlally to 
baseline illness, hut highsr CV mortality maong 
exdrinkers la due to confounding by other traits 
related to peat alcohol use. 


CHD Risk Associated with Regular and Acuta 
Constseption of Alcohol. . 

Rodney Jackson, Robert Scragg, Robert Beaglehole, 
University of Auckland. Mev Zeeland 
The association of regular and acute alcohol 
consumption with non-fatal myocardial infarction 
and coronary death was investigated in a case 
control study in Hew Zealand, A total of 1867 
people aged 33-64 years without prior known 
coronary disease were included la the study. 
Interviews were conducted with 227 male end 72 
female myocardial Infarction cases identified 
In s casualty based MONICA register, and 523 
mala and 341 female controls, randomly selected 
from sows population and group matched by age 
and sax. Data on coronary death cases (128 men 
and 30 woman) 1 identified In the MONICA register 
came from a close friend or relative. Similar 
Information was obtained from a dose friend or 
relative of 330 male and 214 female age and sax 
matched controls. 

There was s strong, consistent inverse assoc la* 
tton between alcohol consumption and both fatal 
land non-fatal CHD risk in men sad woman. After 
controlling for possible confounding, people 
who drank alcohol more than ones per month bad 
la 30-601 reduction In CHD risk. Rx-drinkers 
had s reduced risk of non'■fatal myocardial 
Infarction but not of coronary death. Alcdhol 
consumption we* also associated with an scuta 
reduction In CHD risk. Among people who drank 
at least once per month, CHS risk was halved 
during th* 24 hours after a drinking episode. 


^ NOTICE 
nils material may be 
protected by copyright 
law (Title 17 U.S. Code!. 
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FELDMAN, J., SHENKDER, I.R. , ETZEL, R.A. , SPIERTOy F.W. , 
LILIENFIELD, D.E., NUSSBAUM, M. AND JACOBSON, M.S., "PASSIVE SMOKING 
ALTERS LIPID PROFILES IN ADOLESCENTS," PEDIATRICS 88(2): 259-264, 
AUGUST 1991. 

This study investigated the possible relationship between 
ETS exposure and blood lipid profiles in a group of New York 
suburban high school students who were undergoing pre-participation 
sports physicals. Exposure to ETS was estimated from the subjects' 
plasma cotinine levels. In addition, questionnaire data provided 
information concerning the subjects' cigarette smoking habits and 
regarding the cigarette smoking habits of their friends, parents 
and siblings. 


ETS exposure, as inferred from plasma cotinine levels, 
was reported to be associated with an elevated ratio of total 
cholesterol to HDL cholesterol, and a lower HDL cholesterol level 1 . 
In> contrast to the data based on cotinine levels, the "association 
of lipid profiles with reported smoking habits of parents, siblings, 
and friends, was not statistically significant" (emphasis added; 
page 263, column 1). The authors nevertheless concluded: 


These results suggest that passive smoking, 
like active smoking, leads to alterations in 
lipid profiles predictive of an increased risk 
of atherosclerosis. (p. 259, Abstract) 


The authors acknowledged that, compared with other factor 
such as body mass index or triglyceride concentration, the impac 
of ETS exposure on lipoprotein profiles "was relatively small, 
(p. 263, col. 1) The authors also acknowledged that a number o 
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confounding variables were not measured. In particular, they 
mentioned socioeconomic status and diet. Feldman, et al. 
nevertheless downplayed these factors because they considered their 
sample to be "relatively homogeneous." 


We did not measure socioeconomic status of 
subjects or obtain detailed dietary histories 
and therefore could not control for these 
variables. It is possible that parents of 
lower economic status smoked more frequently 
and provided their children diets higher in 
cholesterol and saturated fats, resulting in a 
secondary association between serum cotinine 
concentration and lipid ratios. This seems an 
unlikely explanation, however, because the 
students came from a relatively homogeneous 
community. (p. 263, col. 1) 
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Passive Smoking Alters Lipid Profiles in 
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Joseph Feldman, DrPH$; I. Ronald Shenker, MD*; Ruth A. Etzel, MD, 
PhD§; Francis W. Spierto, PhD§; David E. Lilienfield. MD, MPH, MS, 
Enginjl; Michael Nussbaum, MD*; and Marc S, Jacobson, MD* 


From frte 'Division of Adolescent* Medicine and Center for Atherosclerosis Prevention. 
Schneider Children 's Hospital of Long Island Jewish Medical Center, the Long Island 
campus for the Albert Einstein College of Medicine: New Hyde Park , New York; 

XDepartment of Preventive Medicine, SUNY Health Science Center of Brooklyn. New 
York; §Center for Environmental Health and !hjury Control, Centers tor Disease Control: 
Atlanta, Georgia; and ||Dtvision of Environmental and Occupational Medicine. Mt Sma< 
School of Medicine, New York 


ABSTRACT. Although cigarette smoking is associated' 
withi elevation of plbsma lipid levels and changes in 
lipoprotein'distribution, it is not known whether passive 
smoking is associated with an alteration in lipid profiles. 
The relation between plasma cotinine. a marker of ex¬ 
posure to tobacco smoke, and lipid profiles was studied 
in healthy adolescents from a suburban New York high 
school district who were undergoing preparticipation 
sports physicals. Forty-four percent of the adolescents 
reported that one or both parents currently smoked. 
Eleven percent of the adolescents had plasma cotinine 
concentrations >2.5 ng/mL. the level considered indica¬ 
tive of exposure. Adolescents w*ith two smoking parents 
had significantly higher plasma cotinine concentrations 
after adjustment for other factors than adolescents whose 
parents did not smoke. Plasma cotinine concentration 
>2.5 ng/mL was associated with an 8.9% greater ratio of 
total cholesterol to high-density lipoprotein cholesterol 
(P < .003) and a 6.8% lower high-density lipoprotein 
cholesterol (P < .03). These results suggest that passive 
smoking, like active smoking, leadi to alterations in lipid 
profiles predictive of an increased risk of atherosclerosis. 
Pediatrics 1991;88:259-264; passive smoking, adolescents, 
cotinine, lipid profiles, cholesterol. 


ABBREVIATIONS. TOTAL-C. total cholesterol: HDL-C. highr 
density lipoprotein cholesterol; GW coefficient of variation; 
BMll body mass index; Cl, confidence interval; 


Received for publication Jul 9. 1990: accepted Oct 20. 1990: 
Reprint requests to tM.S.J.I Center for Atherosclerosis Preven¬ 
tion. Schneider. Children's Hospital. Room 187, Long Island 
Jewish Medical Center, New Hyde Park. NY 11042. 
PEDIATRICS 4ISSN- 0031 4005). Copynght X 1991 by. the 
American Academy of Pediatrics. 


Cigarette smoking is associated with elevation of 
plasma lipid levels and changes in lipoprotein dis¬ 
tribution , 1 including an elevated ratio of total cho¬ 
lesterol! (TOTAL-C) to high-density lipoprotein' 
cholesterol (HDL-C ). 2 " 4 The TOTAL-C/HDL-C 
ratio is a powerful predictor of the risk of athero¬ 
sclerotic cardiovascular disease and therefore its. 
relationship to passive as well as active smoking 
has implications for pediatric atherosclerosis pre¬ 
vention . 66 

The present study investigated the relationship 
of passive smoking to lipid profiles, in healthy ado¬ 
lescents. Cotinine, a major metabolite of nicotine, 
was used as a marker of passive exposure to tobacco 
smoke. :,s We hypothesized that passive exposure to 
environmental tobacco smoke as indicated by 
plasma cotinine concentration would be associated 
with an increase in the TOTAL-C/HDL-C ratio. 

METHODS 

As part of a required health risk assessment and 
preparticipation sports physical examination: non¬ 
fasting whole blood samples were obtained! from 
444 students attending suburban Nbw York high 
schoolfe in August 1987. All students trying out for 
an athletic team at the high schools took the phys¬ 
ical. Students were asked to complete self-admin¬ 
istered questionnaires about their cigarette smok¬ 
ing habits and diet. This questionnaire has previ¬ 
ously been found' to be reliable. 9 In addition, 
students were interviewed by one of two authors 
(J.F., M.S.J.) regarding cigarette smoking habits of 
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their parents, siblings, and friends. To improve 
reliability, the first 10interviews conducted by each 
interviewer were observed by the other interviewer. 
The procedures followed were approved by the Hu- 
man Subjects Review Committee at Long Island 
Jewish' Medical Center. 

Passive exposure of tobacco smoke was grouped! 
into five mutually exclusive categories based on the 
current cigarette smoking habits of the students’ 
parents, siblings, and friends.,The first three groups 
below- were based solely on exposure to parental 
smoking without regard to sibs or friends. The five 
categories were as follows: (l)i mother smoked but 
father did not, (2) father smoked but mother did 
not, (30: both'parents smoked, (4) siblings and/or 
friends only smoked, and (5) no parents, siblings, 
or friends smoked. Exposure from any parents not 
currently living with the subject was excluded. Ex¬ 
posure from smoking friends was excluded if the 
student reported spending <2 hours per week in 
their company. Nonfasting piasma was collected by 
venipuncture from seated subjects, centrifuged, and 
frozen until analysis. 

Cholesterol and triglycerides were assayed di¬ 
rectly from 10 mL of supernatant by a Kodak mul¬ 
tilayer film method. High-density lipoprotein cho¬ 
lesterol was determined by drawing 0.5 ml of 
plasma into tubes containing 50 000 molecular 
weight dextran sulfate-magnesium reagent and cen¬ 
trifuging the mixture at 1500 X g for 10 minutes to 
precipitate the verv-low-density lipoprotein and 
low-density lipoprotein particles. The HDL-con- 
taining. supernatant was then assayed directly for 
cholesterol using the Kodak multilayer film 
method! We analyzed 15 paired samples, both on a 
Kodak DT60 Analyzer and at Queens Hospital 
Center (New York) 1 Arterioscler^-is Research Lab¬ 
oratory, which, is a participant .n the Centers for 
Disease Control/National Heart, Lung, and Blood 
Institute Lipid Standardization Program. Correla¬ 
tion coefficients were cholesterol = .99, triglycerides 
= .97, and HDL-C = .91. 

Total cholesterol and HDL-C were measured in 
11 batches. The coefficient of variation (CV) of 
total cholesterol by batch ranged from 0.16 to 0.20 
whereas for HDL-C the CV ranged from 0:16 to 
0:27. There were no significant differences in the 
average levels or the variation from the averages 
among the 11 batches in either males or females. 
Four hundred twenty-five of the students had suf¬ 
ficient plasma remaining for cotinine analysis. 
Plasma cotinine analysis was performed at the Dir 
vision of Environmental Health Laboratory Sci¬ 
ences at the Centers forDisease Control using the 
radioimmunoassay previously described by Knight 
et al. 10 The level of detection for cotinine in this 


assay was 1.6 ng/mL. Cotinine and lipid:concentra¬ 
tions were each determined without knowledge of 
reported exposure to tobacco smoke. 

Notched box plots in the Figure were used: to 
indicate the median cholesterol concentrations and 
the 95% confidence interval about the medians. If 
the notches in the boxes (le, median ± 1.57, x 
interquartile range/Vn) do not overlap, this can be 
regarded as strong evidence that the population 
medians differ. 11 ' 13 Hatched areas in the Figure 
denote the area between the 75thi and 25th per¬ 
centile (ie, interquartile range h 

Multiple linear analyses of covariance were per¬ 
formed using TOTAL-C, HDL-C, and ratio of TO- 
TAL-C/HDL-C as outcomes. Covariates included 
age, race, sex, triglyceride concentration, and body 
mass index (BMI). Body mass index was calculated 
by dividing weight by the square of height. The 
predictor variables were plasma cotinine concentra¬ 
tions and self-reported passive tobacco smoke ex¬ 
posure. Inasmuch as the distributions of both cotin¬ 
ine and triglyceride concentrations were highly- 
skewed, these data were logarithmically trans¬ 
formed. This transformation of the serum cotinine 
levels was also useful in testing, for differences 
among the exposure groups, inasmuch as the simL 
laritv of the CV of cotinine among the exposure 
categories (from li.6 to 2.4) suggested proportional 
effects. 14 We report both the arithmetic and geo¬ 
metric means of cotinine. The constant 0.05 was 
addbd to all: cotinine concentrations to avoid the 
logarithm of zero which is undefined. In addition,, 



<2:5 ng/mi >2 5 ng/m! 
COTININE 


Figure. Lipid ratio in passive smoke-exposed and 
nonexposed adolescents. TC. total cholesterol; HDLC, 
high-density lipoprotein cholesterol; V outlier values. 
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plasma cotinine concentrations were categorized as 
<2.5 ng/mL or >2.5 ng/mL to indicate exposure 
based on previous work. 14 Interactions between the 
covariates and the predictor variables were exam¬ 
ined! and none was significant. The adequacy of the 
assumptions underlying the various models was 
assessed by examining various residual plots. 11 
ReanalVsis omitting highly leveraged cases (ie, 
dropping cases with a much greater than average 
impact on results) did not change any conclusions, 
The actual computations were performed using 
Systat. 16 

Self-reported smokers (n = 7) were excluded. To 
reduce the possibility of including current smokers 
who did not report accurately, students with plasma 
cotinine concentrations of more than 25 ng/mL On 
= 12) and nonresponders to the smoking question 
(n = 2) were also excluded/ In addition, we excluded 
7 adolescents on cholesterol-lowering diets and 6 
nonresponders to the diet question. The study sam¬ 
ple therefore consisted of 391 adolescents. The 
analyses in Tables 3 and 4 were also done excluding 
5 adolescents with serum cotinine values of 11 to 
25 to further reduce the possibility of misclassifi- 
cation of active smokers. The results were almost 
identical: and therefore are not shown. 

RESULTS 

The sample included: 274 boys (€9.79c) and 117 
girls (30.3%). Two hundred seventy-eight (71.1%) 
were white, 52 ('13.2%) were black, 20 (5.1%) were 
other races, and 41 ('10.5%) did not indicate their 
race. The mean age was 14.8 ± 1.6 years; 34.3% of 
the adolescents reported no smokers among their 
parents, siblings, or friends; 15.1% reported that 
mother smoked but father did not; 17.4% reported! 
that father smoked but mother did not; 11.5% re¬ 
ported that both parents smoked; and 21.7% re¬ 
ported! that siblings and/or friends only smoked. 
The arithmetic mean cotinine concentration was 
1.39: ng/mL (SD = 4.70), which was not signifi¬ 
cantly different from the level of detection of the 
assay: Eleven percent (n = 44) of the adolescents 
had plasma cotinine concentrations >2.5 ng/mL, 
89% (n = 347) had plasma cotinine concentrations 
<2.5 ng/mL. Both the geometric and arithmetic 
mean plasma cotinine concentrations were signifi¬ 
cantly higher among adolescents who reported that 
one or both parents smoked; the highest level was 
found among adolescents with two smoking parents 
(Table 1). Table 2 shows average levels of the ratio 
of TOTAL-C/HDL-C by reported exposure and 
category of serum cotinine concentration: The TO*- 
TAL-C/HDL-C ratio was always higher in children 
whose serum cotinine level was >2.5 ng/mL irre¬ 


spective of reported exposure. Despite the statisti¬ 
cally- significant association between reported ex¬ 
posure and serum cotinine concentration, it was 
apparent that there was considerable misclassifi- 
cation of exposure based on self-report. Fewer than 
20% of the students in any reported exposure cat¬ 
egory' were classified as exposed! based on serum 
cotinine levels greater than or equal! to 2.5 ng/mL 
(Table 2). 

Mean TOTAL-C concentration was 154 mg/dL 
(SD = 27.2), mean HDL-C concentration was 44.6 
mg/dL (SD = 10.0), and mean TOTAL-C/HDL-C 
ratio was 3;58 (SD 1 = 1.86): The Figure show's 
notched box plots for the ratio of TOTAL-CHDL- 
C by cotinine gTOup with 95% confidence intervals 
about the medians. The asterisks, in the Figure 
indicate observations that fall outside the 95% 
range of individual values. The median TOTAL-C/ 
HDL-G ratio for the 44 adolescents with, cotinine 
concentrations, >2.5 ng/mL was significantly 
higher than that for the 347 adolescents with cotin¬ 
ine concentrations <2,5 ng/mL [P < .002L This 
was not true for HDL-C concentrations until! co- 
variates were taken into account as described! later. 

In the analysis of covariance model with outcome 
equal to the ratio of TOTAL-C/HDL-C, the inde¬ 
pendent variables BMI, log triglyceride level, and 
log cotinine level were all significantly associated 
with the ratio (not shown). Together the variables 
accounted for 28% of the variation in the ratio'of 
TOTAL-C/HDL-C, with triglyceride concentration 
and BMI accounting for 97% of that amount. Re¬ 
sults of analysis with cotinine grouped into two' 
categories are show*n in Table 3. Cotinine level was 
significantly associated with the ratio of TOTAL- 
C/HDL-C (P < .003). [The regression equation was 
ratio = -.60 + .038 (BMI) + .771 In (triglyceride) 
— .324 (if cotinine level <2.5 ng/mL) + .379 (if 
white).] For the group with cotinine levels >2.5 ng/ 
mL, the ratio of TOTAL-C/HDL-C on average was 
.324 or 8.9% (95% confidence interval) [Cl] 6.9% 
to 11.0%) higher than if the cotinine level was <2.5 
ng/mL. Cotinine level was significantly associated 
with lower HDL-C concentration (P < .03): (Table 
4). [HDL-C = 77.8 - 5.4 In (triglyceride) - 0:48 
(BMI) + 3.0 (if cotinine level! <2.5 ng/mL) — 2.56 
(if male).] The HDL-C level! in adolescents with 
plasma cotinine concentration >2.5 ng/mL w>as 3.0 
mg/dL or 6.8% (95% Cl 4.6% to 8.9%) lbwer than 
in those with plasma cotinine concentration <2.5 
ng/mL after adjustment for other factors. 

The association of serum cotinine concentration 
with the ratio of TOTAL-C/HDL-C was examined 
separately for whites with similar results (P = .001 h 
as well as for boys (P = .014) and girls (P — .001). 
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TABLE 1, Arithmetic and Geometric Mean Levels and 95T t Confidence Intervals (Cl) 


for Serum Cotinme Levels,by Reported Exposure 


Reported Exposure 

n 

Arithmetic Mean 
(95SVCI) 

Geometric Mean 
(95T Cl') 

None 

134 

0.55 (0.40-0.69) 

0.0" (0.04-0.11)' 

Friends/sibs onlv 

87 

1.35 (0.66-2.03) 

0.07 (0.04-0.14), 

Mother, not father 

59 

1.06 (0.49-1.62) 

0.13 (0.07-0:26)' 

Father, not mother 

66 

1.39 (0.75-2.02) 

0.21 (0.11-0:39}' 

Both mother and father 

45 

2.15 (0.81-3.49) 

0.35 (0.17-0:74): 

F ratio 4.386 df 


3.65 

4.48 

P value 


0.006 

0.001 


TABLE 2. Ratio of Total Cholesterol to High-Density Lipoprotein Cholesterol by Serum 
Cotinine Group and Reported Exposure 


Reported Exposure 


Serum Gotmine Concentration 


<2.5 ng/mL 


£2.5 ng/mL 

n 

Ratio 

SD 

n 

Ratio 

SD 

None 

1'24 

3.47 

0.S7 

10 

3.77 

0.76 

Fnends/sibs only 

71 

3.55 

0.90 

16 

3.70' 

1.13 

Mother, not father 

49 

3.34 

0.55 

10 

4.06 

1.02 

Father, not mother 

33: 

3.64 

0.78 

13 

4.22 

1.04 

Both mother and father 

37 

3.68 

0.85 

8 

3.91 

1.02 


TABLE 3. Multiple Regression Analysis of Ratio of Total Cholesterol to High-Density 
Lipoprotein Cholesterol by Plksma Cotinme Concentration. Grouped, Adjusted for Several 
Covanates" 


Source of Variation 

SS 

df 

F Ratio 

P Value 

Race 

1.72 

2 

1.81 

.165 

Bodv mass index 

6.64 

1 

13.99 

.000 

Cotinine grouped: <2.5 

‘ 4.27 

H 

9.01 

.003 

ng/mL vs >2.5 ng/mL 





Log triglyceride 

44:00' 

1 

92.79 

.000 

Error 

160.29 

338 




• SS = sum of squares; N = 344; r = .54. Forty-seven patients with missing data on,any 
of the above variables are excluded. 


TABLE 4. Multiple Regression Analysis of High-Density Lipoprotein Cholesterol by 
Grouped Plasma Cotinine Levels AdjustedTor Several Covariates" 


Source of Variation 

SS 

df 

F Ratio 

P Value 

Sex 

515.20 

1 

5,77 

.017 

Log triglyceride 

2346.87 

1 

26.27 

.000 

Body mass index 

1152.40 

1 

12.90 

.000 

Cotinine grouped: <2.5 

427,50 

1 

4.79 

.030 

ng/mL or >2.5 ng/mL 





Error 

34041.56 

381 




• N » 386; r * .35. Five patients with data missing on any of these variables are excluded. 


The relationship between reported smoking hab¬ 
its of parents, siblings, and friends and the ratio of 
TOTAL-C/HDL-C was not statistically significant 
(P = .18). There was a significant difference in the 
ratio of TOTAL-C/HDL-C of adolescents whose 
fathers smoked compared with others (P S .04). 
When adjusted for multiple comparison bias, this 
finding was no longer statistically significant. 
There was no difference in the ratio of TOTAL-C/ 


HDL-C of adolescents whose mothers smoked com¬ 
pared with others. 

DISCUSSION 

In this sample, passive exposure to tobacco 
smoke as indicated by plasma cotinine concentra¬ 
tion'was associated with a higher ratio of TOTAL- 
C/HDL-C and with a lower HDL-C concentration. 
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When other factors were adjusted, passive exposure 
to tobacco smoke was associated with an increased 
ratio of: TOTAL-C/HDL-C and decreased HDL-C 
concentration of between 7% and 9%. However, 
compared: with other factors such as BMI or tri¬ 
glyceride concentration, the impact of passive 
smoking on the ratio of TOTAL-C/HDL-C was 
relatively small. 

We did not measure socioeconomic status of sub¬ 
jects or obtain detailed dietary histories and there¬ 
fore could not control for these variables. It is 
possible that parents of lower economic status 
smoked more frequently and provided their chil¬ 
dren diets higher in cholesterol and saturated fats, 
resulting in a secondary* association between serum 
cotinine concentration and lipid ratios. This seems 
an'unlikely explanation^ however, because the stu¬ 
dents came from a relatively homogeneous com¬ 
munity. 

The association of lipid profiles with reported 
smoking habits of parents, siblings, and friends was 
not statistically significant. There was an associa¬ 
tion for adolescents whose fathers smoked com¬ 
pared with others. But there was no association 
with mothers’ smoking. We did not predict this 
pattern initially and the observation is inconsistent 
with other reports, which have found a stronger 
association with mothers’ smoking.^ The most 
likely explanation for this partem is a spurious 
association. Parenthetically, this pattern* also di¬ 
minishes the likelihood that the observed associa¬ 
tion between the lipid ratio and cotinine concentra¬ 
tion was dbe to smoking mothers’ providing a more 
atherogenic diet. The association of passive expo¬ 
sure to tobacco smoke with reduced HDI>C and 
elevated ratio of TQTAL-C/HDL-C is biologically 
plausible, inasmuch as several investigators have 
found that cigarette smoking results in a lowering 
of HDL-C. 1 * 51 *' 20 In one longitudinal study of 36 
female volunteers, investigators found that HDL-C 
levelfe fluctuated with smoking status, increasing 
when smoking ceased and decreasing when smoking 
resumed. 21 In another study, investigators reported 
a dose-response relationship between smoking and 
ratio of TOTAL-C/HDL-C. 4 The age- and weight- 
adjusted ratio of TOTAL-C/HDL-C among 233 
randomly selected families was 13% higher for 
smokers than for nonsmokers, about 1.5 times that 
seen in this study. 

Several investigators have found suggestive evi¬ 
dence of an increased risk of coronary* heart disease 
mortality among adults passively exposed to to¬ 
bacco smoke. Helsing et al“ found that death rates 
from atherosclerotic heart disease were 24% to 31% 
higher for nonsmokers living with smokers com¬ 
pared with those living with nonsmokers. In a study 


of nonsmoking women 50 to 79 years oldim south¬ 
ern California, those whose husbands smoked had 
a 10-year mortality from ischemic heart disease that 
was 2.7 times higher than those whose husbands 
never smoked' (P< .lQh 23 ' 24 In the Multiple Risk 
Factor Intervention Trial, the effect of exposure to 
tobacco smoke was assessed among 1245 married: 
men aged 35 to 57 years. J ' S: The relative risk for 
nonsmoking men with smoking wives compared: 
with those with nonsmoking wives was 2.1 for cor¬ 
onary heart disease death (P = .19); and 1.48 for 
fatal or nonfatal coronary heart disease events <P 
= .13). 

A recent study in 216 families of preadolescent 
children from the Medical Colleage of Virginia twin, 
study found that children in the 105 families of 
smoking parents had significantly lower HDL-C 
and higher whole blood 2,3-a'-phosphoglycerate lev¬ 
els thanichildren in the lid nonsmoking families.*'**' 
The authors concluded that children' with long¬ 
term exposure to passive smoke may be at elevated 
risk for the development of premature coronary* 
heart disease. 

The effect of tobacco on lipid: levels provides one 
plausible mechanism (among others such as platelet 
aggregation, vasoactivity, and compromised oxygen' 
transport) for the well-established elevation of cor¬ 
onary heart disease risk among smokers and sug¬ 
gests a mechanism for the possible increased coro¬ 
nary* heart disease risk in passive smokers. 

ACKNOWLEDGMENTS 

Partial support was received from National Institute 
of Environmental Health Sciences grants K0S-E5O0161 
and P30-E500928. 

We thank Paul Samuel. MD. S. Bader. F. H. Gardner, 
and L. Markowski for their assistance with various parts 
of this study and B: North for typing the manuscript. 


REFERENCES 

1. IPS Deprof Health and Human Services. The Health Con¬ 
sequences of Smoking: Cardiovascular Disease A, Report of' 
the Surgeon General Rockville. MD: US Public Health 
Service; 1983. DHHS publication (PHSl 84*50204 

2. Criqui MH. Wallace RS. Weis* G. et al. Cigarette smoking 
and plasma highdensitv lipoprotein cholesterol. Circulation 
1980:62lsuppl>:IV-70-fi 

3. Bnscheno CSi Connor WE. Connor SL. Matarazzo JG 
Plasma lipid and lipoprotein profiles ofi cigarette smokers 
from randomly selected families: enhancement of hyperlip¬ 
idemia and depression of high density lipoprotein. Am J 
Cardiol 1083:52:675-680 

4. Freedman DS. Snnivasan SR. Shear CL. et al. Cigarette 
smoking initiation and longitudinal changes in serum lipids 
and lipoproteins in earlv adulthood; the Bogalusa Heart 
Study. Am J EptdemiaL 1986:124:207-219 

5. Cordon T. Castelli W'p. Hjonland MC. Kannel W B; Dawler 
7!. High density lipoprotein as a protective factor against 
coronary heart'disease. Am J Med: 19- <:62: -0. -. 14: 


ARTICLES 263 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


S9g2T3CZ02 



6. Wallace RB. Anderson RA. Blood lipids. Uptd related meas¬ 
ures and the risk ol atherosclerotic cardiovascular disease 
Epidemiol Rec. 1987:9:95-119 

7 Jarvis JJ. Pedoe-Tunstall Hi Feyerabend C. Vessev C. Sa 
lOoiee V. Comparison o( tests used to distinguish smokers 
from nonsmokers. Am J Public Healthi 1987.77:1435-1438 

8. Halev NJ, Axelrod CM. Tilton WA. Validation of self- 
reported smoking behavior: biochemical analysts ofcotinine 
and thiocyanate. Am J Pubiic Health. 1983:73; 1204-1207 

9. Tstmoyianis GV, Jacobson MS. Feldman JG, Antonio-San- 
uago MT. Cluiano BC. Nussbaum M. Shenker IR. Reduc¬ 
tion in pulmonary f unction and increased frequency of cough 
associated with passive smoking in teenage athletes. Pedi¬ 
atrics 1987:80:32-36 

10. Knight GJ. Wilie P. Holman MSj Haddbw JE. Improved 
125 I radioimmunoassay for cotimne by selective removal of 
bridge antibodies. ChnChem. I985i3l:ll8-i2l 

11. Chambers J. Cleveland W, Kleiner B, Tukey P. Graphical 
Methods for Data Analysts. Pacific Grove, CA: Wadsworth 
Publishing Go: 1984 

12. Williamson DF. Kendrick JS. The box plot: a simple visual 
method to interpret dita. Ann Intern Med. 1989:110:916- 

921 

13. McGilllR, Tukey JW. Larsen WA. Vanations of box plots. 
A mSt at ixtiaan 1978:32:12^16 

14. Snedecor CL Cochran W. Statistical Methods 6th ed. Ames. 
I A: Ibwa State University Press: 1967:329^-330 

15j Etzel RA. A Cohort Studs of Passive Smoking and Middle 
Ear. Effusions in Children Chapel Hill. NC: University of 
North Carolina; 1985. Dissertation 

HU Wilkinson 1 L. Svstat: The Svstem for Statistics. Evanston. 
IL: SVSTAT; 1988 


17. US-Dept of Health and Human Services. The Health Con- 
sequences of Invoiuntars Smokinp: A Report of the Surgeon 
General Washington. DC: US Government Priming Office. 
1986. DHHS publication (CDCV87-8:198 

18. Castelli WP. Garrison RJ. Wilson PWF. etal. Incidence of 
coronarv heart disease and lipoprotein cholesterol levels; the 
Framingham Study. JAMA 1986.256:2635-2836 

19. Orchard TJ. Rodgers M. Hedley AJ. Miuchell JRA. Serum 
lipids in a teenage population; geographic, seasonal and 
familial factors. Ini J Epidemiol. 1981:10:161 -170 

20. Halfon ST. Green MS. Heiss G. Smoking status andlhpid 
levels in adults of different ethnic origins: the Jerusalem 
Lipid Research Clinic Program. Int J Epidemiol 
1984:13:177-183, 

21l Moflatt RJ. Eflects of cessation of smoking on,serum lipids 
and high density lipoprotein cholesterol. Atherosclerosis 
1988;74:85-89 

22. Helsing KJ. Sandlfcr DP. Comstock GW. Chee E. Heart 
disease mortality in nonsmokers living with smokers. AmJ 
Epidemiol. 1988:127:915-922 

23. Garland C. Barrett-Connor E. Suarez L. Cnqui MH W.in- 
gard DL. Effects of passive smoking on ischemic heart 
disease mortality of nonsmokers: a prospective study. Am, J 
Epidemiol. 1985:1211:645-650' 

24. Erratum. Am J Epidemiol. 1985:122:13'12 

25. Svendsen KHl Kulltr LH. Martin MJi Ockene JK. Elfects 
of passive smoking in the Multiple Risk Factor Intervention 
Trial. Am J Epidemiol 1987:126:78:1-795 

26. Moskownz WB. Mosteller MM, Schieken RM. et al. Lipo¬ 
protein and oxygen transport alterations in passive smoking: 
preadoiescent children!: the MCV twin studv. Circulation 
1990:81:586-592 


PATIENTS’ GRADES HELP TO SET PAY FOR HEALTH-PLAN DOCTORS 


A growing number of large health-care plans are asking patients to grade 
their doctors: How long are they kept waiting in the office? Can the doctor be 
reached at night and on weekends? Does the doctor listen as patients describe 
symptoms? How well is a treatment explained? 

Some health maintenance organizations, or H.M.O.’s, use the grades as one 
criterion in paying the doctors. Not surprisingly, many doctors think this is a 
bad idea. 

At least 34 million Americans are enrolled in H.MiO, plfens, and more than 
2.9 million are in plans that use patient evaluations to help determine doctors’ 
bonuses. The number of such plans is steadily increasing. 


Freudenheim M. Patients’ grades help to set pay for health-plan doctors. The New York Times 
May 26. 1990. 


Noted by J.F.L., MD 
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WHIG, J., SINGH, C.B., SONI, G.L. AND BANSAL, A.K., "SERUM LIPIDS 
& LIPOPROTEIN PROFILES OF CIGARETTE SMOKERS & PASSIVE SMOKERS," 
INDIAN J MED RES B(96): 282-287, 1992. 

This study from India presented data on lipoprotein 
profiles in relation to smoking status and history of exposure to 
ETS. "Passive smokers" were defined as those nonsmokers "who were 
chronically exposed to smoke of at least 20 cigarettes a day, in 
their homes and/or in work places in closed environment of 
room(s)/office(s) ." The method of obtaining information on ETS 
exposure was not described. The authors reported that both active 
smoking: and ETS exposure altered lipoprotein profiles in a 
direction that would increase heart disease risk. 


In conclusion, our findings suggest that smoking 
alters the serum lipid and lipoproteins and 
these changes become more marked with duration 
and amount of smoking. The passive smokers 
also show relatively less altered lipid and 
lipoproteins, in a trend similar to that of 
smokers. The alteration in the individual 
value of lipids and lipoproteins is not 
significant in case of passive smokers but the 
results are significant only in case of ratios 
of HDL C /T C and HDL C /LDL C . As decrease in this 
ratio is responsible for the development of 
atherosclerosis, the results indicate that 
even the passive smokers are at a relatively 
higher risk of developing coronary heart 
disease. (p. 286) 
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Scrum Upidi aad lipoproteins of $0 active and passivt smokers wtre compared with Uvdt in 25 control 
subject*. Active smoking resulted in u increase in total cholesterol (T f ) and trlffteerides (TJ as 
compared to control group. The passive smokers also showed relatively higher levels hut the effect was 
not sigftiflcut. Aetiv* smoking raised the low density lipoprotein cholesterol (LDL.) and very low- 
densJry h p oprocein choleaterol (VLDU) levels whereas high density lipoprotein cholesterol (KDU) 
contest was lowered, thus resulting in decreased ratios of HDL«/T« and HDL,/LDL», The passive 
smoken ako showed slightly higher levels of LDU sod VXDI. but lower levels of HDL, and a lower 
HDL./LDU ratio. Oar flodinp saggtat that envoking slten the aesum lipids tad Upoprotchw and these 
changes art related to the duration and amount of smoking. 


Large prospective epidemiological studies have 
shown strong association between cigarette 
smoking and several diseases. The potential of 
develbping coronary artery disease in male 
cigarette smoken is approximately 2.14 limes 
greater than in non-smokers 1 . The risk of 
infarction for both men and women is correlated 
with the number of cigarettes smoked daily 3 . 
Association of cigarette smoking, serum 
lipoproteins and eoronary artery disease has been 
reported by several workers 1 * \ 

Various reports suggest that involuntary in¬ 
halation of cigarette smoke by non-tmoken 
causes disease, most notably lung disease*’*. The 
ubiquitousness of tobacco smoke in homes, work 
places and public areas makes exposure to 
environmental tobacco smoke unavoidable*’ \ 


Asymptomatic non-smoken who are chronically 
exposed to smoke contaminated air may develop 
small airway dysfunction** 10 . Several studies 
suggest that passive smoking increases the riak for 
lung cancer 4 and aggravates angina pectoris 11 . 

Very little attention has been paid to the efTect 
of passive smoking on serum lipids and 
lipoproteins. In view of the fact that large 
population in India is exposed to passive smoking, 
the present study has been undertaken to know 
the efTect of passive smoking on serum lipids and 
lipoproteins compared to that in chronic smpkers 
and control subjects. 

Material ft; Methods 

A total of 75 subjects of middle income group 
known to perform moderate physical activity were 
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included in tbe present study. Twenty five males 
who smoked more than 15 cigarettes a day for 
more than 5 consecutive yean were taken as 
smokers, 25 non-smokers who were chronically 
exposed to smoke of atieast 20 cigarettes a day, in 
their homes and/or in work places in closed 
environment of room (s)/ office (s) were taken u 
passive smokers. Similarly, 25 male non-smokers 
matched for age and physical activity were taken 
as control; these individuals lived with strict non- 
smoken at home and also in their work place. 

Subjects suffering from diseases which are 
known to alter the lipid profile such as diabetes 
mcllitus, uremia, nephrotic syndrome, hypo¬ 
thyroidism. hyperthyroidism and acromegaly, 
were excluded from the study. Alcoholics and 
subjects on steroids were also excluded from tbe 
study. 

Ten ml of blood sample was collected after an 
overnight fast from each subject. The serum was 
separated by centrifugation at 3000 rpm for 10 
min and wu sued for lipid and lipoprotein 
analysis. Total lipids were extracted from the 
serum 11 and serum total cholesterol (T») 1J ,serum 
triglycerides (T,) 14 in the extracted lipids, HD!* 11 , 
LDU and VLDU'* were estimated. Student’s V 
test was used for analysis of the data. 

Results 

Table I shows tbe comparison of T, and T f of 
smokers and passive smokers with that of control 
subjects. Significantly higher levels of T< (i°<0.05) 


and T| (f*<0.01) were observed in smokers 
whereas tbe passive smoken showed marginally 
higher levels but the values were statistically 
insignificant when compared to controls. Tbe 
active smoken bad significantly higher levels of 
LDU (P<0.01) and VLDU (PC0.05) than 
controls, whereas these levels of passive smoken 
showed no significant difference (Table II). The 
levels of HDU in both groups were not 
significantly different when compared with control. 
The ratios of HDU/T. and HDU/LDU of 
smoken were significantly lower (.PC0.QI) as 
compared to control group. Passive smoken, 
however, showed significantly lower (PC 0.05) 
ratio of HDU/LDU only (Table III). 

Table IV tbows the T t and T, of moderate and 
heavy smokers of different durations. Moderate 
smoken (smoking 15 to 20 cigarettes/day) who 
were smoking for more than 15 yr and heavy 
smoken (smoking more than 20 cigarettes/day) 
irrespective of the duration showed significantly 
higher levels of T< (PC 0.05) and T ( (P<0.01) 
when compared to controls. LDL, of moderate 
and heavy smoken were also significantly higher 
(PC 0.05) irrespective of duration of smoking, 
whereas no significant differences were observed 
in HDU of both groups as compared to control 
group (Table V). Tbe levels of VLDU were also 
significantly higher in moderate smoken who 
smoked for more than 15 yr and heavy smoken. 
Irrespective of the duration of smoking both 
heavy and moderate smoken had significantly 


Table I. Companion of total cholesterol (T.) end tri*lyc*ndet (T«) of imolten and passive smoken with non-cooker controls 


T, (rug/dl) T, (ms/dl) 



Ringe 

Mun ± $£ 

lUnfe 

Mcu ± SE 

Control 

140-270 

197.72 

10-126 

100.16 

(n * 25) 


± 7.04 


±2.46 

Smoken 

110-300 

233.31 

96-166 

131.32 

<n * 25) 


± S.I3” 


± 3.77* 

Pusivc smoken 

146-266 

202.00 

KM 31 

106.00 

(n * 25): 


S 4.62 


±2.76 


Fviluet. *<0.01; •■<0.05, u compered 10 contrail 
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Table 11. Comparison of cholesterol of lipoprotein fraction* is saokm and passive imoken with controls 



RDL (mg/dl) 

LDU (n«/dI) 

VLDU («*/dD 


Ku|t 

Mean ± SE 

Range 

Mean ± SE 

Range 

Mean ± SE 

Control 


51-74 

58J2S 

75-174 

117.61 

17*29 

21.76 

(o-TS) 



± 1.80 


±5.66 


±0.69 

Smokan 


40-76 

5188 

116-221 

153.52 

11-37 

26.88 

(" 8 25) 



±1.68 


±4.96" 


± 1.06"" 

Passive t makers 

40.73 

55.24 

13-170 

123.72 

16-32 

22.10 

9 

II 

s 



± L72 


±3.11 


±0.72 


P values, .*<0.01; "*<0.05. u compared to controls 


Table QI. Ratio of HDU/T# and HDU/lLDU of smokers and p&afvt smokers compared witk controls 


HDU/T, HDLr/LDU 



Range 

Mean ± SE 

— m 


Men ± SE 

Control 

0.25-0.36 

0J0 


0.374).68 

0.51 

(as 25) 


±0.006 



±0.016 

Smokers 

0.17-0.2* 

0.23 


0^4-0.47 

0.35 

(a 8 25) 


±0.006* 



± 0.012* 

Passive smoker* 

0.18-041 

0.28 


0.24-0,65 

0.45 

(a 8 25) 


±0.001 



±0.016- 

Pvalues, *<0.01; 

•*<0.05, as compared to controls 




TaUe rv. T, and T, of moderate and heavy smoker* of different duration 


Duration 

yr 

T f (ma/dl) 

T f <«ni/dl) 



Range 

Mean ± SE 

Range 

Mean ± SE 

Control 


140-270 

197.72 ± 7.04 

80-120 

100.16 ± 2.44 

(a *25) 






Moderate sxsoken 

i <15 

■* r 180-246 

21i.ll ± 6.92 

96-156 

217.75 ±6.82 

(15-20 

(a* I) 





d*./day) 

>15 

190-300 

34340 ± 15.61- 

220-166 

136.67 ± 6.54* 


(a « 6) 




• 

Heavy imoken 

<15 

210.266 

230.12 ± I.09** 

116.155 

137.50 ±6.39* 


(a * 6) 





«20da 

>15 

217.300 

251.10 ± 13.43** 

110-154 

134-20 ± 7.81" 

day) 

(a * 5) 





P values, *<0.01; 

•*<0.05, u compared to controls 





higher (P<0.DI) HDLr/LDLr tnd KDL,/T» ratios 
as compared 10 control* (Table VI). 

Disctiaaion 

There is increasing epidemiological evidence on 


the association of cigarette smoking, serum 
lipoprotein* and cardiovascular disease* 17 . In the 
present study, the serum lipids and lipoprotein* of 
cigarette smokers and passive smokers have been 
compared with strict non-smokers. Comparison of 


t 
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Tafclt V. Companion of cholesterol of lipoprolein fractions of moderate and heavy smoken of different duration with controls 



Du rid on. HDU (mg/dl) 

LDU (mg/dl) 

VUDU (mg/dl) 


71 Range 

Mean ± SE 

Range 

M»tn*SE 

Rangt Mean ± SE 

Control 
<n * 25) 

38-74 

. 58.28±1,80 

75-174 

117.68±5.68 

17-29 - 21.76±0.69 

Moderate 

smokers 

<15 42-64 

(0 = 8) 

5I.OO±2.58 

120-177 

14I.I3±6.I9*» 

18-37 23.73±2.0g 

(15-30 eig/diy) 

>15 48-66 

(n - 6) 

59J3±4J7 

116-201 

157.33±12.94** 

23-33 tt.83±t.J$** 

Heavy 

smokers 

<15 44-51 

(o * 6) 

51^0±2J9 

134*180 

J5l.S3±6.29** 

22-37 27.50 ±2.17* 1 

(<20 eig./diy) 

lvalues. *<0.01; 

>15 40-60 49.20±3.4I 

(n * 5) 

••<0.05, u eompared to controls 

146-221 

I70.80±13J3** 

27-36 3I.20±I.7I* 

Table VI. Ratio of HDU/T# and HDU/LDU of moderate and heavy smokers of difTemit durations eompared with control 



HDU/T. 

HDU/LDU 


r 

Range 

Mean ± SE 

Range 

Mean ± SE 

Control 
(n « 25) 


0.25-0.36 

0.30 ± 0.006 

0-37-0.68 

0.51 ±0.016 

Moderate 

amoken 

<15 
<n c 1) 

0.U-O.2J 

0.24 ±0.014* 

0.25-0.44 

0.37 ± 0.021* 

(15-20 cig./day) 

>15 
(n ■ 6) 

0.21-0.22 

0.24 ±0.012* 

0.3WU7 

0.31 ± 0.034* 

Heavy 

smokers 

<15 
(n * 6) 

0.20-0.25 

0.22 ± 0.002* 

0.29-0.39 

OX ± 0.040* 

(> 20 cig./day) 

P values, *<0,0l. 

>15 
(n * 5) 

as compared to controls 

0.17-0.24 

0.20 ±0.013* 

0.2MUS 

0.30 ± 0.027* 


T» and T ( level* indicated that cigarette smoking 
raised T, and T, levels. These findings are in 
accordance with the observations of other 
workers 1 ** 1 -', but contrary to a few who did not 
observe such an effect* 3 . Since higher T. and T* 
levels are known to be responsible for the 
development of atherosclerosis**, it indicates that 
active cigarette smoking can be a major risk factor 
for coronary artery disease. 

Our findings of raised T. and T, levels in 
moderate smokers who had smoked for more than 
15 •'/( 2 nd ia heavy smokers (j.e.,respective of the 
duration of smoking) are in agreement with the 
reports of a number of other workers from 
different parts of the world"’'*'**. However, a 


few workers did not observe any change in T, 
levels in smokers* 0111 

The levels of LDL, and VLDL, were higher in 
heavy smokers or those who had smoked for 
longer duration. The differences observed in 
serum lipoproteins between smokers and non- 
smokers were in accordance with the observations 
of other workers 1 *’ J1, **’**. However, Howell*’ and 
Young** did not observe any difference. The 
HDU- of smokers was lower than that of control 1 
and passive smokers. Recently, Rastogi et 
have also reported a similar effect on HDL* in 
heavy smokers or those who were smoking for 
longer duration. 

The comparison of the ratios HDL./T, and 
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HDLc/LDL< indicated that smokers had a 
significantly lower value. Investigators from the 
Framingham Heart Study 21 have proposed that 
these ratios may be better predictors of coronary 
risk than T, or any of the lipoprotein cholesterol 
levels alone. Lowering of this ratio is known to 
increase the risk of development of cardiovascular 
disease. It is thus clear that smoking is a great 
hazard with respect to cardiovascular diseases. 
Since the ratio of HDLr/LDL* is also significantly 
lower amongst passive smokers, it indicates that 
not only active smokers hut also subjects who are 
in contact with active smokers are at a relatively 
higher risk of developing atherosclerosis. The 
lower degree of risk amongst passive smokers 
compared to that amongst active smokers could 
be due to Lbe Alteration of smoke in the lungs of 
the smokers. Some of the components like 
nicotine and tar are deposited is the lungs of 
active smokers and therefore the passive smokers 
are exposed to a lower density of harmful 
components. Swendsen ct a P* conducted the 
multiple risk factor intervention trial to study the 
effects of passive smoking and the data from their 
vstudy suggested that passive exposure to cigarette 
smoke may have a deleterious impact on the 
health of non-smokers and the non-smokers may 
be at an increased risk of death through passive 
exposure to cigarette smoke. Out findings also 
suport this* as the levels of serum lipids and 
lipoproteins were altered in passive smokers in 
such a manner that it may have a deleterious 
efTect on cardiovascular system. 

The full impact of smoking on cardiovascular 
disease may not be revealed by available 
epidemiological surveys as risk ratios derived from 
these surveys do not necessarily reveal all of the 
cardiovascular consequences of smoking. It has 
been demonstrated that heavy imokers are at a 
higher risk than light smokers 2 . 

In conclusion, our findings suggest that 
smoking alters the serum lipid and lipoproteins 
and these changes become more marked with 
duration and amount of smoking. The passive 
smokers also show relatively less Altered lipid and 
lipoproteins, in a trend similar to that of smokers. 
The alteration in the individual value of lipids and 


lipoproteins is not significant in case of passive 
smokers but the results are significant only in case 
of ratios of HDL r /T r and HDU/LDU As 
decrease in this ratio is responsible for the 
development of atherosclerosis, the results indicate 
that even the passive smokers are at a relatively 
higher risk of developing coronary heart disease. 
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WHITE, J.R. , CRIQUI, M., KULIK, J.A., FRGEB, H.F. AND SINSHEIMER, 
P.J., "SERUM LIPOPROTEINS IN NONSMOKERS CHRONICALLY EXPOSED TO 
TOBACCO SMOKE IN THE WORKPLACE," ABSTRACT # 383, 8TH WORLD' 
CONFERENCE ON TOBACCO OR HEALTH: BUILDING A TOBACCO-FREE WORLD, 
MARCH 30*-APRIL 3, 1992, BUENOS AIRES, ARGENTINA 

At the Eighth World Conference on Tobacco or Health in 
Buenos Aires, Argentina (March 30-April 3, 1992), a study was 
reported by James R. White, et al« (University of California-San 
Diego) which claimed that workplace ETS exposure adversely affected 
cholesterol profiles. At the time of the conference, the White, et 
al. study was the fourth publication since 1990 to address the 
general issue of a possible association of ETS exposure with 
changes in cholesterol levels. (See Note 1) However, it is the 
first to report data on cholesterol levels and ETS exposure in' an> 
adult population and to specifically address workplace ETS exposure. 

White, et al. evaluated cholesterol and cholesterol 
fraction' levels in nonsmoking workers. Carbon monoxide levels 
were used "as an index of cigarette smoke in the work place." 
[sic: the conference abstract refers, presumably reflecting a 
typographical error, to measurement of carbon dioxide.] 

Both male and female workers classified as exposed to 
ETS were reported to have statistically significant decreases in 
high density lipoprotein (HDL) cholesterol (i.e., the "good" 
cholesterol) and elevated ratios of total cholesterol to HDL. In 
addition', females exposed to ETS were reported to have significant 
elevations in low density lipoprotein (LDL) cholesterol (i.e., the 
"bad" cholesterol). 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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The authors concluded: 


Nonsmoking workers are at increased risk of 
developing coronary heart disease resulting 
from exposure to second-hand tobacco smoke. 


Note 1. The other three studies are as follows. (1) 
Based on a study of 11-year old children, Moskowitz, et al. 
( Circulation 81: 586-592, 1990) reported that ETS exposure, i.e., 
having at least one parent who smoked, was associated with' 
reductions in HDL levels. (2) Similar data were reported in an 
abstract by Pomrehn, et al. ( Circulation 81: 720, 1990), based on 
a study of sixth and seventh grade children. (3) Feldman, et al. 
( Pediatrics 88: 259-264, 1991) reported a study of cholesterol 
profiles in nonsmoking high school students, using plasma cotinine 
as an estimate of ETS exposure. Plasma cotinine levels were 
reportedly associated with a reduction in HDL cholesterol, as well 
as an elevation in the ratio of total cholesterol to HDL 
cholesterol. 
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* - SERUM LIPOPROTEINS IN NONSMOKERS CHRONICALLY EXPOSED TO: TOBACCO 
SMOKE IN THE WORKPLACE 

James R. White, Ph.D., Michael Criqui, M.D;, MPH, James A. Kulik, Ph D., 

Herman F. Froeb* M;D., Peter J. Sinsheimer, MPH. 

! 

| Department of Physical Education, 

1 University of California, San Diego, La Jolla, CA 92093-0117. 

We evaluated Carbon Dioxide (CO) levels as an index of cigarette smoke in the work 
place and determined lipoprotein levels in 40 passive smokers (nonsmokers chronically i 
exposed to tobacco smoke in the work place) and 40 control subjects (nonsmokers not 
exposed to tobacco smoke in the work place) matched for age and gender 

Passive smokers experienced greater CO levels during the workday. Passive smokers, 
regardless of gender, had both significantly depressed high-density lipoprotein (WDl)levels 
and a significantly elevated total cholesterol to HDL (TC/HDl): ratio compared to 
nonsmokers. Additionally, female passive smokers had significantly elevated! Ibw-density 
lipoproteini (LDL) levels than female nonsmokers. Adjusting for the potential covariates of 
exercise, alcohol consumption, dietary, fat intake, and percent body, fat did not effect the 
significance of the results. Nonsmoking workers are at increased risk of developing 
coronary heart disease resulting from exposure to second-hand tobacco smoke. 


CIGARETTE ADVERTISING AND IMAGERY IN BRITISH WOMEN'S 
MAGAZINES 

Amanda Amos, Bobbie Jacobson, Patfci White* 

*Heaith Education Authority, Hamilton House, Mabledon 
Place /London WC1H 9TX, UNITED KINGDOM 

Women’s magazines are read by about half of British 
women from aJ.1 age and social groups. After a 1985 
survey of cigarette advertising policies in these 
magazines shewed that advertisements were being 
targeted at tebns and young women, the British 
government made avoluntary agreement with the tobacco 
industry that limited the placement of advertisements 
in these publications. In 1989, the survey was 
repeated among 86 magazines. Data were obtained on 
cigarette advertising policies and revenues, general 
advertising policies, usa of smoking imagery in 
editorial pages and editorial coverage of smoking and 
health. It was concluded \hat the government's 
voluntary agreement with the \obacco companies had 
failed to achieve the objective\pf protecting! young 
women from exposure to cigarette advertising in 
women's magazines. This paper wiJSL report on the 
results of the survey. \ 
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HOWARD, G., SZKLO, M., EVANS, G., TELL, G. , ECKFELDT, J., HEISS, 
G. AND' THE ARIC INVESTIGATORS, "THE ASSOCIATION BETWEEN CAROTID' 
ARTERIAL WALL THICKNESS AND ACTIVE AND PASSIVE CIGARETTE SMOKING," 
ARTERIOSCLEROSIS AND THROMBOSIS 11(5): 1432A, 1991. 

HOWARD, G., SZKLO, M. , EVANS, G. , TELL, G. , ECKFELDT, J. AND HEISS, 
G., "PASSIVE SMOKING AND CAROTID ARTERY WALL THICKNESS: THE ARIC 
STUDY," CIRCULATION 85(2): 3, 1992. 

An abstract, from the Bowman Gray School of Medicine 
(Winston Salem, North Carolina), based on a presentation at a 
November 1991 American Heart Association meeting, reported that 
ETS exposure was associated with thickness of the walls of the 
carotid arteries. (Howard, et al., 1991) The importance of carotid 
artery thickness is that it may be an indication of the severity of 
atherosclerotic involvement. Atherosclerosis of the carotid 
arteries is believed to underlie certain forms of stroke. These 
data were updated in a presentation at a March 1992 cardiovascular 
disease epidemiology conference, the abstract from which included 
information on some additional subjects, but otherwise reported 1 
similar results. (Howard, et all., 1992) 
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gene expression in cynomolgu* monkey*, that IL-lfi i» ex¬ 
pressed in both early and advanced stages of diet-induced 
atherosclerosis, as wdl at in monkey monocytes/macrophages, 
and suggest that this model can be employed to study the role 
of 1L-10 in atherogenesis. 

Extensive Oxidation of LDL Induces Particle Aggregation and 
Altered Macrophage Recognition 
Henry F. Hoff, Todd E Whitaker, and June O’Neil 
Research Institute, Cleveland Clinic Foundation, Cleveland, Ohio 

Although studies have reported structural and functional 
changes in LDL following oxidation (ox-), none have described 
such changes with increasing degrees of ox. We describe 
time-dependent changes in chemical and structural composi¬ 
tion of ox-LDL and how they affect macrophage interaction. 
LDL (500 Mg/ml) was incubated with 10 >j.M Cu” at 20*C for 
up to 25 hr. Time-dependent increases in conjugated dienes, 
fluorescence (360ex/430em), and particle aggregation (aggr.) 
were found, the Ikttcr increasing with LDL concentration 
used. Similar degrees of LDL ox. gave fragments of apo B of 
the same size. Extensive LDL ox. induced aggr. of apo B, 
possibly caused by covalent cross-linking of apo B, since apo B 
from aggri ox-LDL but not from vonex-aggr. LDL was insol¬ 
uble in SDS. Mildly ox-LDL eg. 8 hr in C\T* (Unaggr.) and the 
soluble portion of extensively ox-LDL (25 hr), were recognized 
by the scavenger receptor on mouse peritoneal macrophages, 
(inhibition of -ox-LDL macrophage degradation by acetyl 
LDL). By contrast, neither acctyl-LDL nor polytnosinic acid 
inhibited macrophage degradation of aggr. ox-LDL. suggesting 
imernaliution by an aitemaic process. Thus, ox. of LDL leads 
to different structural and functional!characteristics, depend¬ 
ing on the degree of ox. 

identification of a Lipid-Free Apo(a)-Apo B Complex In the 

d>1.2 Fraction of Plasma 

Akira Yashiro, June O'Neil, and Henry F. Hoff 

Research institute, On. eland Cimic Foundation, Cleveland, Ohio 

Although studies have reported the binding of apo(a)-apo 
B complexes eg, (a)-B to different lipoprotein species, iden¬ 
tification of lipid-free (*)^B in plasma has not been reported. 
To identify such complexes, wc subjected human plasma io 
density gradient ultracenirifugation and documented immu- 
norcaciivc apo(a) and apo B in the d> 1.2 fraction by appro¬ 
priate RIAs. Moreover (a)-B was similar to delipidated Lp(a) 
in !*7< agarose electrophoresis. On, non-dcnaiunng PAGE 
f2:5—7^5C? gradient), an MW of 10'KD was found for the 
apo(ia)-B complex. On SDS-PAGE, one major band was 
found under non-rcducing conditions which immunosiained 
for both apo(a) and apo B. Under reducing conditions, rwo 
major band* were seen, one staining for apo{a) and one for 
apo B. (a)-B from the d> K2 plasma fraction bound and could 
he eluted from a Scpharose-ami-apofa) column. This fraction 
containing only apo(a) and apo B, was lipid free, and mim- 
teked delipidated Lp(a) by the above-described procedures. 
Thus, plasma contains a lipid*fre« apo(a)-«po B complex that 
could bind under specific metabolic condition* to different 
lipoprotein fraction*. 

Somatostatin and It* Analogue. Angiopcpnn, Inhibit Adhesion 
of Leukocytes to Rat Heart Endothelial Cells 
Dariusz Leazezynaki. Michael D. Josephs. Robert S. Fournier 
and Marie L. Foegh 

(iforpaf/nrt Umivntry Medical Center. Washington, D.C. 

The effect of somiioctatih (ST) and Its analogue Angiopep- 
tin (AP) on m Mtro adhesion of rat spleen leukocytes (LC) Id 
unstimulated and IL-lb stimulated rat bean endothelial cells 
(EC) was studied. ST and AP inhibited LC adhesion to EC. 
The strongest inhibition was observed after 24 hours exposure. 


Unstimulated EC bound 208x89 LC/mm\ Treatment with ST 
or AP (0.6-10 *sM) for 24h decreased binding to 124=35 
LOfiirn 3 and 118x60 LC/rtmr. respectively (pcO.001): EC 
atimulated for 4h with IL-Jb (lOOU/ml) bound 1,045x52 LD 
mm 3 : ST (0.6 *tM) reduced binding to 292x31 LC/mm : 
(p<0,01). AP (1 tiM) was leu potent and reduced binding to 
811x75 LC/mm^ (p<0.05). However, effect of AP was longer 
lasting (up to 24h). In conclusion, Angiopeptin may have a 
potential application in immune related cardiac vascular dis¬ 
ease due to its prolonged inhibitory effect on IL~lb induced 
LC-EC adhesion. 


Plasma Lipoproteins Specifically Bind Thrombospondin 

rrsp) 

AJdhiko Muraishi. Maria A Kowalska. Vicki R. Rothman; 
David M. Capuz2i. and George P. Tuszynskii 
Department of Medicine, Medical College of Pennsylvania. Phil¬ 
adelphia, Pa. 

The present study explored the potential! interaction be¬ 
tween TSP and plasma lipoproteins using an in vitro binding 
assay, Human plasma lipoproteins VLDU LDL, HDL. and 
apo lipoproteins AI and All were immobilized on microtiter 
plates and TSP binding was determined! immunochemicilly 
with a polyclonal anti-TSP antibody. We found that human 
TSP bound taturably to all the plhxma lipoproteins tested. 
Binding was maximal in the presence of 1 mM Ca* ? /Mg 4: and 
was only partially inhibited with 2 mM EDTA. ROD peptides 
had no effect on binding. In contrast; TSP binding to fibrino¬ 
gen was completely ion dependent. The concentrations of TSP 
that produced half maximal binding for VLDL. HDL, LDL, 
apo AI. and apo All were 36.8, 12.4, 23.7, 6.9. and 18 nM. 
respectively. These data demonstrate that TSP can specifically 
interact with lipoproteins and suggest a potential!role for TSP 
in the metabolism of lipoproteins, in their deposition into the 
vessel wall, and in atherogenesis. 

The Association Between Carotid Arterial Wall Thickness and 
Active and Passive Cigarette Smoking 
George Howard, Moyes Szklo. Gregory Evans,, Grethe Tell. 
John Eckfeldt; Gerardo Heiss, and the AR1C Investigators 
Bowman Gray School of Medicine, Winston Salem, N.C. 

The effect of cigarette smoldng on the carotid artery iar wall 
thickness was considered in the white population from the 
Atherosclerosis Risk in Communities (AlRIC) study. The 
population was divided into 2,460 current smokers, 3,448 past 
smokers. 2,440 who never smoked but reported weekly expo¬ 
sure to environmental cigarette smoke (ETS or *‘pax»ive 
imoking”). and 1,306 who never smoked with no exposure to 
ETS. Age proved to affect the differences between smoking 
status classes (pfO.0001), while gender had no effect 
(p>0.05). Within 5-year age groups there was a consistent 
gradient of wall thickness across the smoking exposure cate¬ 
gories (meanxS.E. in millimeters): 


Age 

group 

No. 

exposure 

ETS only 

Past 

smoker 

Current 

smoker 

•js-sn 

0.63:0.00ft 

0.66=0.004 

0.68x0.005 

0.69x0.006 

51-55 

0.68x0.008 

0.69x0.006 

0.75 x0.006 

0.77 = 0.008 

56-60 

0.71=0.007 

0.74 = 0.006 

0.82x0.008 

0 84 x 0.010 

61-65 

0.77x0.01) 

0.78x0.009 

0.88x0.010 

0.90=0.015 


Using analysis of covariance, differences between no exposure 
and ETS were significant only ai younger ages (pcO.OOOl), 
while differences berween ETS and past smolung. or berween 
past and current smoking, were significant only for older ages. 
This graded relationship underscores the importance of smok¬ 
ing as i nsk factor for atherosclerosis. 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 


2023512282 



Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 




HOWARD, G. , SZKLO, M. , EVANS, G. , TELL, G. , ECKFELDT, J. , HEISS, 
G. AND THE ARIC INVESTIGATORS, "THE ASSOCIATION BETWEEN CAROTID 
ARTERIAL WALL THICKNESS AND ACTIVE AND PASSIVE CIGARETTE SMOKING," 
ARTERIOSCLEROSIS AND THROMBOSIS 11(5): 1432A, 1991. 

HOWARD, G., SZKLO, M. , EVANS, G. , TELL, G. , ECKFELDT, J. AND HEISS, 
G., "PASSIVE SMOKING AND CAROTID ARTERY WALL THICKNESS: THE ARIC 
STUDY," CIRCULATION 85(2): 3, 1992. 

An abstract, from the Bowman Gray School of Medicine 
(Winston Salem, North Carolina), based on a presentation at a 
November 1991 American Heart Association meeting, reported that 
ETS exposure was associated with thickness of the walls of the 
carotid arteries. (Howard, et al., 1991) The importance of carotid 
artery thickness is that it may be an indication of the severity of 
atherosclerotic involvement. Atherosclerosis of the carotid 
arteries is believed to underlie certain forms of stroke.. These 
data were updated in a presentation at a March 1992 cardiovascular 
disease epidemiology conference, the abstract from which included 
information on some additional subjects, but otherwise reported 
similar results. (Howard, et al., 1992) 
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Dietary Fat Intake and Carotid Artery Wall 
Thickness: The ARJC Study 

Grethe S. Tell, Gregory W. Evans, Tomoko Shimakawa* 
Aaron R. Folsom, Myra Carpenter, Gerardo Heiss, for 
the ARJC Investigators. Bowman Gray School of 
Medicine, Winston-Salem * NC 

We report preliminary results on the association between 
dietary fat intake and carotid artery wall thickness (WT) 
(measured by B-mode ultrasound) in 2114 black women 
(BW), 1316 black men (BM), 5193 white women (WW) 
and 4614 white men (WM) ages 45-64 years, examined 
by the Atherosclerosis Risk in Communities (ARIC) 
Study. A food frequency questionnaire was used to assess 
habitual dietary intake. Shown below are age- and 
energy^adjusted beta coefficients for the relation between 
WT (in mm) and average daily intake (see table for 



BW 

BM 

WW 

WM 

Animal fat (100 g/day) 

.056* 

.055 

.101' 

.070" 

Vegetable fk (100 g/day) 

-.074* 

-.081 

-.069" 

-.080" 

Mooouasafurated fat (100 g/day) 

.005 

-.018 

.082 

.056 

Saturated fk (100 g/day) 

.085 

.036 

.133" 

.031 

Polyunsaturated fat (100 g/day) 

-.no 

-.248 

-.163’ 

-.151 

Cholesterol (100 mg/day) 

.005* 

.006 

.010' 

.005* 

*p<0.05 -p<0.01 

1 

-o 

A 

o 

,001 

><0.0001 


Thus, elements of habitual dietary intake are consistently 
associated with WT in all four race-gender groups, 
consistent with their putatively atherogenic and anti¬ 
atherogenic properties. 



Passive Smoking and Carotid Artery Wall Thickness: 
The ARJC Study 


George Howard, Moyes Szklo, Gregory Evans, Grethe Tell, 
John Eckfeldt, Gerardo Heiss. Bowman Gray School of 
Medicine, Winston Salem, NC. 


The association between passive and active cigarette smoking 
with carotid artery wall thickness was studied in 12,863 men 
and women ages 45 to 64 examined by the Atherosclerosis 
Risk in Communities (ARJC) Study. Of these, 3,509 were 
current smokers, 4,276 past smokers, 3316 had never smoked 
but reported exposure to environmental tobacco smoke (JETS 
or "passive smoke"), and 1,762 had never smoked and 
reported no exposure to ETS. Carotid artery wail thickness 
was measured by B-mode ultrasound. Increasing exposure to 
cigarette smoke across the gradient from neveT smoking to 
cun-ent smoking was consistently associated with increases in 
carotid artery wall thickness within 5-year age groups (shown 
below adjusted for race and gender, mean - S.E_ in mm.); 


Age 

No 

Group 

Exposure 

45-50 

0.662:0.005 

51-55 

0.71-0.007 

56-60 

0.752:0.007 

61-65 

0.792:0.009 


ETS PAST CURRENT 
Qn& Smoker Sm oker 
0.672:0.003 0.682:0.004 0.702:0.004 
0.71-0.005 0.73 ±0.005 0.76-0.006 
0.76-0.006 0.79-0.007 0.832:0.008 
0.80-0.008 0.85-0.009 0.892:0.012 


The ETS group had thicker arterial walls than never smokers; 
these differences were statistical ly sig nificant (p £ 0.0001) 
only at younger ages. Also, the ETS participants showed an 
increase (p = 0.03) in arterial wall thickness with an 
increasing number of hours per week of ETS exposure. Thus 
exposure to ETS may contribute to atherogencsis. 
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Comparison of Intracerebral Arterionecrosis in Japanest 
Men in Japan and Hawaii 

Dwayne Reed. David Jacobs. Takuji Heyashi, Hiroyasu 
lao, Maiamitsu Konishi, James NtUon, Jack Strong 
Honolulu Heart Program. Honolulu. HI 

In earlier, reports we showed that tha incidence 
and mortality rates of all types of stroke were threefold 
greater in Japanese men in Japan compared to those in 
Hawaii, and that this difference was not related to 
atherosclerosis in tha Circle of WBSis. In this study, 
brain specimens from 232 men from a Hiroshima 
cohort, and 175 men in a Hawaii cohort were examined 
by three pathologists for the presence of different 
stages of arterionecrosis in amaH intracerebral arteries. 
Most measures of arterionecrosis were higher ri all age 
groups in Japan than Hawaii; wart higher among man 
who died of stroke compared to non-cardiovascular 
causes; end. were higher among men with cerebral 
infarction at autopsy. Risk factor analyses tor the 
Ha wan cohort indicated that blood pressure and some 
aspect of i the Asian diet were associated with 
arterionecrosis. These data indicate that the difference 
in stroke frequency between Japan and Hawaii Is 
related to intracerebral arterionecrosis. 
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Depression Amplifies the Association Between Carotid 
Atherosclerosis and Age, Hypertension, Low Density 
Lipoproteins, and Platelet Aggregability. 

George A. Kaplan, Richard D: Cohen, Thomas W; Wilson, Jussi 
Kauhanen, Riina Salonen, Jukka T. Salonen. California Depart¬ 
ment of Health Services, Berkeley, CA 

Extensive data on cardiovascular risk factors, ultrasound read¬ 
ings of the intimal-media thickness (IMT) of the common carotid 
artery, and MMPI depressive status were obtained from 825 
participants in the Kuopio Ischemic Heart Disease Risk Factor 
Study, a popular ion-based study of 42-60 year old men in 
Eastern Finland. In multiple regression models predicting IMT, 
there were significant interactions between MMPI' depression 
(above vs. below median) and age (p* .049) and LDL (p» .028 )j 
A n 18 year difference in age was associated with 40% greater 
increase in IMT in the depressed than in the non-depressed. A 
median split in LDL levels was associated with a 2-fold increase 
is IMT among the depressed. 

Three way interactions in predicting IMT were found for 
ige*depression*platelet aggregability (p-.072), and age"de- 
pression*hypertension (p= .078). Depression was associated 
with 79% greater age-related increase in IMT for those with high 
pikelet aggregability and a 9% greater increase in hypertensives. 
There were no significant interactions between depressive status 
and fibrinogen, smoking, alcohol consumption, or physical 
activity and IMT. The results indicate that a psychosocial factor, 
depression, may contribute to the development of atherosclerotic 
vascular disease by increasing the impact of other risk factors on 
atherogenesis. 
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ZHU, B.-Q., SUN, Y.-P., SIEVERS, R.E., ISENBERG, W.M., GLANTZ, 
S.A. AND PARMLEY, W.W. , "PASSIVE SMOKING INCREASES EXPERIMENTAL 
ATHEROSCLEROSIS IN CHOLESTEROL-FED RABBITS." JACC 21(1): 225-32, 
JANUARY 1993. 

This was a laboratory study in which rabbits on a high 
cholesterol diet were exposed, eight rabbits at a time, to either 
a high or a low dose of "ETS" over a 10-week period. The "high 
ETS" group was exposed to sidestream smoke (four cigarettes every 
15 minutes, 6 hours/day, 5 days/week) . The "low ETS" group was 
exposed to diluted mainstream smoke. After 10 weeks on this 
regimen, aortic and pulmonary arterial samples were examined for 
indications of lipid lesions, which were taken as a measure of 
atherosclerotic development. The authors concluded that ETS 
exposure was associated with evidence of atherosclerosis. 

Our present study shows that passive smoking 
significantly increases aortic and pulmonary 
artery atherosclerosis in cholesterol-fed 
rabbits in a dose-dependent manner. (p. 230, 
col. 1) 

Zhu et al. also reported that bleeding times were shorter 
in the ETS exposed groups, suggesting an adverse effect on platelet 
function. 

This study suffers from several major flaws, some of 
which are indicated below. 

1. None of the rabbits were exposed to ETS. One 
group was exposed to sidestream smoke and the 
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other to mainstream smoke. Thus, the potential 
relevance of these data to ETS exposure is 
unknown. 


2. Rabbits were fed a high-cholesterol diet. The 
role of this dietary factor on the results 
reported is unknown. 

3. The arterial analyses were based on measurements 
of "lipid lesions," whose relationship to the 
development of atherosclerosis in humans is 
uncertain. 

4. Exposing the rabbits to heavy concentrations 
of sidestream or mainstream smoke, especially 
when such exposure occurred in a crowded cage, 
may have introduced a variety of confounding 
factors, particularly a stress factor. 

5. Whole-body tobacco smoke exposure, with several 
animals in the same cage at the same time, makes 
exposure conditions poorly defined. In' 
particular, there is the likelihood that there 
may have been oral intake of deposited 
particulate matter on the animals' fur which 


- 2 - 
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they may have ingested during preening. Or, 
perhaps, animals might bury their noses in 
each other's fur which would alter the nature 


and amount of smoke exposure. 
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JACC Vol. 211 No. 1 
. January 1993:225-32 

EXPERIMENTAL STUDIES 


Passive Smoking Increases Experimental Atherosclerosis in 
Cholesterol-Fed Rabbits 

BO-QING ZHU, MD, YI-PING SUN, MD, RICHARD E. SIEVERS, BS, WILLIAM M. ISENBERG, PhD, 
STANTON: A. GLANTZ, PhD, FACC, WILLIAM W. PARMLEY, MD, FACE 

San Francisco , California 


Objectives. We evaluated the influence of passive smoking on 
experimental atherosclerosis in cholesterol-fed rabbits. 

Background. Exposure to environmental tobacco smoke (ETS) 
has been epidemiological!v linked to death from ischemic heart 
disease in nonsmokers. 

Methods. New Zealand male rabbits were randomly divided 
into three groups after 2 weeks of a 0.3% cholesterol diet. Sixteen 
rabbits were exposed to a high and 16 rabbits to a low dose of 
ETS; 32 rabbits located in another room served as an unexposed 
control group. After 10 weeks of ETS exposure, all rabbits were 
killed, and the percent of aortic and pulmonary artery endothelial 
surfaces covered by lipid lesions was measured by staining and 
planimetry. 

Results. Average air nicotine, carbon monoxide and total 
particulate concentrations were 1,040 Mg/m 3 , 60.2 ppm and 
32.8 mg/m 3 for the high dose ETS group, 30 m&'id 3 , 18.8 ppm and 
4.0 mg/m 3 for the low dose ETS group and <1 /ig/m 3 , 3*1 ppm 
and 0.13 mg/m 3 for the control group. The percent atherosclerotic 


Environmental tobacco smoke (ETS) is the term used to 
describe tobacco combustion products inhaled by nonsmok¬ 
ers in the proximity of burning tobacco. More than 4,000 
constituents have been identified in cigarette smoke. Most 
exposure to ETS is from sidestream smoke emitted from the 
burning tip of the cigarette. Sidestream smoke is hazardous 
because it contains high concentrations of ammonia, ben¬ 
zene, nicotine, carbon monoxide and many other carcino¬ 
gens and irritants (1-3). 

Passive smoking involves breathing both sidestream 
smoke that goes directly into the air from the burning tobacco 
products and'mainstream smoke after it has been exhaled by 
smokers. Sidestream smoke has higher concentrations of nox- 
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involvement of the aorta and pulmonary artery increased signifi¬ 
cantly with ETS exposure (for tbe aorta, 30 ± 19% [mean ± SDj 
for the control group, 36 ± 14% for the low dose ETS group and 
52 ± 21% for the high dose ETS group, p < 0.001: for the 
pulmonary artery, 22 ± 15% for the control group* 29 ± 25% for 
the low dose ETS group, and 45 ± 12% for the high dose ETS 
group, p < 0.001): Bleeding time was significantly shorter in the 
two ETS groups than in the control group (86 s 17 vs. 68 ± 15* 
68 s 18 s, p < 0.001). There were no significant difference in 
serum triglycerides, cholesterol and high density lipoprotein cho¬ 
lesterol at the end of the study. 

Conclusions. Environmental tobacco smoke affecti plitelet 
function and increases aortic and pulmonary artery atherosclero¬ 
sis. This increase of atherosclerosis was independent of changes in 
serum lipids and exhibited a dose-response relation. These results 
are consistent with data from epidemiologic studies demonstrating 
that ETS increases the risk of death due to heart disease. 

(J Am Coll Cardiol 199331:225-32) 


ious compounds than docs mainstream smoke. It has been 
estimated that approximately 50 million nonsmoking adults 
over the age of 35 years are regularly exposed to environmental 
tobacco smoke. Additionally, 50% of ail children live in fami¬ 
lies with one or more smokers (4): The effects of passive 
smoking on health have been reported to include short-term' 
effects, such as exacerbation of asthma and angina, as well as 
long-term effects, such as increased risk of lung cancer, respi¬ 
ratory tract infection and atherosclerosis (1-7). 

Environmental tobacco smoke adversely affects platelet 
function and damages aneniali endothelium, and depresses 
cellular respiration at the level of mitochondria (4;5). People 
exposed to it have significantly thicker anerial walls than do 
unexposed nonsmokers, and wail thickness is increased with 
increasing exposure (8). Passive smokers also have signifi¬ 
cantly depressed high density lipoprotein (HDLl) cholesterol 
levels and significantly elevated ratios of total cholesterol to 
HDL cholesterol levels (9). 

The materials in ETS may thus accelerate the develop¬ 
ment of atherosclerotic plaque. Previous experimental 
studies, however, showed that exposure to smoke from 
only 1 cigarette/day for 11 to 13 months failed to quantita¬ 
tively affect atherosclerosis or serum lipids (10). We de¬ 
signed the present study to further evaluate the influence 
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of passive smoking on atherosclerosis in cholesterol-fed 
rabbits., 

Methods 

Protocol, Sixty-four New Zealand male rabbits (2.0 to 
2.6 kg) ! were randomly separated into three groups and fed a 
high, cholesterol! diet for 12 weeks. The cholesterol diet 
(Zieglbr Bros., Inc.) contained 3% soybean oil and 0.3% 
cholesterol by weight. The rabbits were housed in separate 
cages in well' mixed exposure chambers (BioClean, Duo. 
Flo, model H 5500; Lab Products Inc.), 1.92 m x 1.92 m x 
0.97 m (3.58 m 3 ), that accommodated eight rabbits in each 
group. 

After 2 weeks on the diet, 16 rabbits, 8 at a time, were 
exposed to a high dose of sidestream smoke (high ETS 
group) from Marlboro filter cigarettes (4 cigarettes every 
15 min for 6 h/day, 5 days/week) using a smoking machine 
(Heinr. Borgwald GMBH RM 1/G, D-2000 Hamburg. Ger¬ 
many,) for 10 weeks from week 2 to week 12. Another 16 
rabbits. 8 at a time, were given a low dose of smoke (low 
ETS group) from the same smoking machine through 20.5 
feet of iO-mm inside diameter plastic tube attached to the 
mainstream port on the smoking machine. The smoke cooled 
and the large panicles settled out in this tube, making the 
exposure level of the low ETS group similar to that of smoke 
spread by the ventilation system of a building from an area 
where smoke was permitted to nonsmoking areas of the 
same building. Thiny-two rabbits, 16 at a time, located in the 
same type of exposure chamber in another room but with no 
smoking machine, served as a control group eating the same 
diet for 12 weeks. Three fans in the exposure chambers were 
adjusted to ensure good mixing, using the measurement 
devices discussed later. At the end of the 6-h exposure 
period; the exhaust fan on the Bioclean unit was turned on 
and rapidly lowered the level of ETS pollution in the 
exposure chamber to background levels corresponding to 
those of the control animals until next day when the Bioclfean 
unit was turned off and the smoking machine was turned on 
again. 

Monitoring smoke exposure inside the chambers. We mea¬ 
sured several constituents of ETS in the three exposure 
chambers: carbon monoxide (CO); total particulates, respi¬ 
rable suspended particulate* and nicotine. 

To measure average carbon monoxide concentrations 
during the 6-h exposure period, we used a model L15 CO 
Personal Exposure System (Langan Products) every other 
week for the three groups. We obtained an average daily 
valtie taken from 2,520 samples during the exposure period 
(3 h of ETS, 1 h break, 3 h of ETS) (Fig- 1). 

To measure total paniculate concentrations, we used a 
Miniram PDM-3 Optical Scattering Particle Monitor (MIE, 
Inc.), monitoring paniculate concentration every 10 s, and 
computed average total particulate concentrations during the 
exposure period (Fig. 2): We obtained!these data every other 
week for all three groups. We alfco used a PiezobaJance 
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Figure 1 . Representative carbon monoxide (CO) concentrations 
dunng a 24-h period. During the period of exposure to environmen¬ 
tal tobacco smoke (ETS) (3 h,of ETS. a 1-h break. 3 h.of ETS), the 
average CO value from 2,520 samples is 53 ppm. 

Respirable Aerosol Mass Monitor (model 3500 Thermo- 
System) to measure respirable suspended paniculates ('ll): 
on 4 different days, about' 10 samples/day, to calibrate the 
Miniram. The Piezobalance was factory, calibrated before 
the study. 

The Piezobalance measures the smaller respirable.sus¬ 
pended particulates, whereas the Miniram measures total 
particulates. To determine the relation between particulate 
concentrations measured'by the Miniram and Piczobalance, 
we measured average particulate concentration, values (37 
values, each an average of 3 measurements) at different 
levels of ETS using these two instruments simultaneously. 
Figure 3 shows that there was a strong linear relation 
between average particulate concentrations measured by the 
Piezobalance and the Miniram, with the Piezobaiance read¬ 



ing about 36% of that obtained by the Miniram. This relation 
is'similar to that found in a previous study (12) in which the 
Miniram and the Piezobalance were compared in an envi¬ 
ronmental chamber measuring ETS over a range of concen¬ 
trations. 

In addition, we monitored air nicotine lfcvels by using a 
passive diffusion monitor (13) i that was located in the middle 
of the exposure chamber during the 6-h exposurr period, 
every other week for all three groups. 

Hematologic and biochemical analysis. Bleeding time, cir¬ 
culating platelet aggregates, platelet count, hematocrit, he¬ 
moglobin, total serum cholesterol, triglycerides, high density 
lipoprotein (HDL) cholesterol and serum counine were 
measured at the beginning of the study (before the rabbits 
started the high cholesterol diet) and at 6-week intervals 
(that is, after 4 and 10 weeks). The concentration of coomne 
was determined by gas chromatography with nitrogen- 
phosphorus detection (14). This method has been modified 
for simultaneous extraction of cotinine and determinabon 
using capillary gas chromatography (15). 

Bleeding time was determined after l-min warming of the 
rabbit’s ear in a normal saline bath (37°C)i A small standard 
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Figure 2. Total suspended paniculate concentrations 
measured by the Mimram every 10 s dunng a representa¬ 
tive period! of exposure to environmental tobacco smoke 
(ETS) (3 h of ETS. a l-h break, 3 h of ETS). Average total 
suspended particulate concentrationiduring the exposure 
period was 23.7 mg/m 3 . The peaks occur while the ciga¬ 
rettes are actually being smoked. The large drop corre¬ 
sponds to'the 1-h midday break. 



prick was made in the ear, avoiding macroscopic vessels. 
The time from, the initial bleeding to cessation of bleeding 
was recorded as the bleeding time. 

A platelet count ratio method (16) was used for quantita¬ 
tive determination of circulating platelet aggregates. One 
mmol/liter adenosine diphosphate was added to a citrated 
venous blood: sample before stirring, The sample was di¬ 
vided into two tubes, one containing ethylenediaminetet- 
raacetic acid (EDTA)/formaIin solution and the other EDTA 
only . Plktelet-rich plasma was collected after centrifugation. 
Platelets in' both samples were counted, using standard 
techniques (Sequoia-Turner Corporation, Operator Refer¬ 
ence manual, Cell-Dyn 900 Hematology Analyzer). The 
platelet' aggregate ratio was calculated from the platelet 
count in the two solutions. The higher the ratio, the fewer 
the platelet aggregates* 

Figure 3. Relation 'between average particulate concentrations mea¬ 
sured by the Piezobalance (PZB) and the Miniram. Because of the 
excellent linear relation; one can measure respirablb suspended 
particulates by taking 36% of the readings obtained with the Mini¬ 
ram., 

r 



Total serum cholesterol and triglyceride levels were de¬ 
termined by automated enzymatic methods (Coulter DART 
cholesterol reagent using the DACOS and DACOS XL 
analyzers), and HDL cholesterol!concentrations were mea¬ 
sured after precipitation of other lipoprotein classes with 
dextran and magnesium ions (HDL cholesterol precipitant 
(Cat No 236141), Ciba Coming Diagnostics Corp.). 

The blood samples were drawn in the morning (Tuesday 
to Friday) after 12 h of fasting and before ETS exposure. The 
samples for plasma cotinine analysis also were taken in the 
morning before exposure (17 h after the last ETS exposure). 

Morphologic studies* At week 12, after 10 weeks of 
exposure to ETS (or control conditions), all rabbits were 
killed. After intravenous administration of pentobarbital, 
130 mg/kg body weight, the aorta was removed from its 
origin (2 cm distal to the aortic valve) down to the bifurcation 
of the internal iliac arteries; the pulmonary artery was 
isolated from its beginning at the pulmonary vaJVe to just 
above the bifurcation. The vessels were opened by linear 
vertical incision, fixed in a 10% formalin solution for 24 h, 
stained with Sudan IV, then photographed; Finally, plani- 
metric measurement of lipid lesions was performed quanti¬ 
tatively by estimating the total stained regions in photo¬ 
graphs of each artery with a planimeter. The measurements 
were performed in blinded fashion and in duplicate. 

Statistical analysis. The text and tables list data as the 
mean value i SD; the figures summarize data as the mean 
value i SEM. Data were analyzed by linear regression, 
using ETS dose as the independent variable. Multiple linear 
regression was also used with aortic and pulmonary artery 
lesions as the dependent variables, including cholesterol 
levels as well as exposure to smoke in the regression 
equation to account for the possible effects of different 
serum cholesterol levels on the extent of lesions. Analysis of 
variance (ANOVA) was used to compare observations 
among the three experimental groups. Data were analyzed 
before and after exposure, as well as in terms of changes in 
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Table U Average Air Nicotine, Carbon Monoxide and Paniculate Concentrations in the Control and Environmental Tobacco' 
Smoke Chambers 


Group 

Air Nicounc 

Wm 3 ) 

Air CO (ppml 

Total 

Particulates* 

(mg/m 3 )' 

Respirable 

Particulates 

(mg'm 3 ) 

Control 

<1 (n = 1) 

3.1 * 1.9 (n = 2) 

0.13 * 0.04 (n = 10) 

0.07 * 0.06 (a * 10) 

Low ETS: 

11 

G 

rn 

♦ 1 

S 

18.8 z 2.2 <n * 5) 

4.03 : 0 49 (n « 3) 

1.2 : 0.7 (n * 8) 

High ETS 

1.040 r 302 (n * 4) 

60.2 - 14.3 (n - 5) 

32.8 : 6.9 (ft « 7): 

13.8 r 3.5 (n - 61 


•By Mimrami + By Piezobaiance. Values are expressed as mean value r SD. n = the number of samples. For nicotine, caibon monoxide [CO] anditotaJ 
particulates, each of the n samples represents the average valbe observed dunng the exposure penod (3 H.-of environmental tobacco smoke [ETS], lib break. 3 h 
of ET$)on Iiday. For example, the n = 2 values for Air CO m the control group represent average values recorded dunng 7 h on 2 different days. For respirable 
particulates, the sample size represents the actual number of simple samples taken while the smoke levels were at steady state. 


the measured variables before and after the 10-week expo¬ 
sure period:using paired / tests. We did not combine ail data 
into a single two-factor analysis of variance (with time 
[before or after exposure] as one factor and ETS group 
[control, low ETS, high ETS]) as the second factor): we 
believed that with' such an approach the presence of a 
control group (with no exposure) at both times would 
generally lfead to a significant interaction between time and 
exposure group that would make the results of tests on the 
main'effects difficult tO'interpret. Data were processed by 
using Minitab Versions 7.2 and 8.2. A p value < 0.05 was 
taken as statistically significant. 

Results 

Wfeigbt gain. There was a similar initial body weight and 
subsequent weight gain in all three groups of rabbits through- 
one tUo (2*week penod. The average body weight before 
(week 2) andafter 10 weeks of ETS exposure (week 12) was 
2.7 * 0.3 and 3.6 ± 0.3 kg, respectively. There was no 
significant difference in weight of the rabbits as assessed by 
ANOVA before (p = 0.344) or after (p = 0.306) the 12-week 
experimental period. Similarly, ANOVA showed no signifi¬ 
cant differences in weight gain among the three exposure 
groups (0.87 ^ 0*29 kg for the control group, 0.88 - 0.37kg 
for the low ETS group and 0:91 ± 0.36 kg for the high ETS 
group* p = 0.923) or in food intake among the three groups, 
either before (p = 0.398) or after (p = 0.431) exposure to 
ETS. The average food intake before and after ETS expo¬ 
sure was 178 — 46 and 164 ± 58 g/day, respectively. The 
similarities in eating and weight gain across time and the 


different exposure groups indicate that any differences ob¬ 
served in the exposure groups were not due to dietary’ 
differences. There were no deaths dunng the 12-week study. 

Smoke exposure inside the chamber. The average air 
nicotine, carbon monoxide (CO) and total paniculate con¬ 
centrations during the 6-h exposure penod are listed in Table 
1. There were large differences in air nicotine. CO and 
particle concentrations between the groups with a high or 
low level 1 of ETS exposure and the control! group and 
between the high and low ETS groups dunng the period of 
exposure. 

AJterations in lipids. After rabbits were fed a high lipid! 
diet, the serum cholesterol increased considerably in all 
animals during the 12-week penod. The serum lipid levels for 
the three groups (Table 2) show a similar increase in total 
serum cholesterol Total cholesterol may have been slightly 
(p = 0.051) higher in the control group than in the two ETS 
groups before the 10-week exposure period. There was no 
significant difference (p > 0:8) among the three groups at the 
end of the experiment. There were no significant differences 
(p > 0.3) in triglycerides and HDL cholesterol among the 
two “ETS groups and the control! group either before or after 
the 10-week exposure period. There also were no significant 
differences (p > 0.4) in the area under the cholesterol time 
curve (cholesterol-weeks: 11,632 ± 3,479 vs. 9,831 £ 3,048 
and 10,349 ± 3,182 mg/dl-wk), change (12-week value minus 
2^week value) in cholesterol (538 * 463 vs. 674 _ 419 and 
729 r 627, 674 ± 419 mg/di), change in triglycerides (13 ± 84 
vs. -63 ± 372 and 22 i 91 mg/dl) and change in HDL 
cholesterol (15 ± 29 vs. 7 * 22 and 16 ± 25 mg/dl), 


Table 2. Effects of Environmental Tobacco Smoke on Serum Lipids ini Cholesterol-Fed Rabbits 


Group 

Cboltsteroi (mg/dl) 

Tngiycendes (tng'd!) 

HDL Cholesteroll(mg/dJ) 

Before 

After 

Before 

After 

Before 

After 

Control io * 32) 

671 z 278 

1.209 : 483 

91 z 72 

78 : 51 

40 z 16 

S5 z 27 

Low ETS (n « 16) 

480 z 279 

1.154 : 395 

102 — 93 

165 z 349 

36 z 13 

43 z 25 

High ETS (n * 16): 

531 z 246 

1.260 : 532 

119 z 93 

98 z 111 

37 z 15 

50 z 21 


Values art expressed as mean value z SD. There were no significant differences (p > 0.3) among the three groups except for total cholesterol before exposure 
to environmental tobacco smoke (ETS). Values m the control group were higher than values in the other two groups (p * 0,05). After * 12 weeks on bpid diet 
and IQ weeks of smoke exposure; Before * 2 weeks on bpid diet and before smoke exposure; HDL * high density bpoprotem. 
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Figure 4. Relation between log-plasma cotinine levels and log- 
respirable suspended particulates (RSP) concentrations measured 
by Piezobalance (PZB), ETS-H and ETS-L - groups with a high or 
low level, respectively, of exposure to environmental tobacco 
smoke. 


respectively, among the control group and the low and high 
ETS groups. 

Cotinine levels in plasma. The plasma cotinine levels at 
the 6th week of ETS exposure in the control and the low and! 
high ETS groups were <1.0, 6.0 ± 4.3 and I3 j. 6 - 12,3 ng/ml, 
respectively. These cotinine levels are based on blood 
samples drawn in the morning before that day's exposure to 
ETS. Given the 20-hi half-life of cotinine in the blood, the 
steady state cotinine levels at the end of the daily exposure 
period would be approximately <1, 12 and 31.2 ng^mi, 
respectively, for the control and low and high ETS groups. 
There was a linear relation between log cotinine levels in 
plasma and log average respirable suspended paniculate 
concentrations measured by Piezobalance (r = 0i84, p < 
0.001) (Fig. 4). 

Morphologic studies. Figure 5 shows the percentage of 
total aonic and pulmonary artery surface area covered by 

Figure 5. Percent of aonic and pulmonary anery, surface areas 
covered by atherosclerotic lesions for each groupi There is a 
significant (p < 0.001) dose-response relation for both vessels. Error 
bars are SEM. Abbreviations as in Figure 4. 

■ Control ■ ETS-L ■ ETS-H 
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lipid lesions in the three experimental groups. There was a 
significant! (p < 0.001) dose-response relation for the extent 
of lipid lesions for both the aorta and the pulmonary artery as 
a functioniof respirable suspended paniculate concentration 
measured by Piezobalance. Although the intercepts of the 
dose-response relations for the two anenes are significantly 
different (31.3 c: 2.7% for the aorta vs, 23.0 2: 2.6% for the 
pulmonary anery, p < 0.05), the slopes are not (1.62 ± 
0.41%/fng'm 3 vs. 1.69 n 0.39%/mg/m 3 , p > 0.5). These 
results indicate that, although the baseline levels of lipid 
deposits in these two anenes are different, the effects of 
exposure to ETS on the two aneries are similar in terms of 
increased lipid deposits. There were also positive correla¬ 
tions (r = 0.5; p < 0.001) between the percent of lipid lesions 
in both anenes and the average CO levels. As with the 
relation between lesions and paniculate concentration, 
the aorta initially had more lipid deposits than did the 
pulmonary anery, but both vessels showed similkr increases 
(;-0.5%/ppm) in lipid deposits with ETS exposure as CO was 
increased. Because paniculate and CO levels are highly 
conelared, we cannot say whether either or both (or other) 
elements of the ETS are responsible for the dose-dependent 
increase in lipid deposits we observed. We can conclude 
unequivocally that there were significant (p < O.OQDdose- 
dependent increases in lipid deposits on both vessels with 
increasing ETS exposure. 

Platelet function. Data on bleeding time, platelet aggre¬ 
gate ratio and platelet count are shown in Table 3. Bleeding 
times at week 12 in the low and high ETS groups were 
significantly shorter than those in the control group (68 - 15. 
68 ~ 18 vs. 86 * 17 s, respectively, p < 0.001), This result 
demonstrates that there were large (20%) changes in bleed¬ 
ing time at low levels of exposure to ETS and that further 
increases ini exposure did not produce an additional effect. 
The platelfct aggregate ratio at week 12 in the high ETS group 
may have been lower than the control level (79.4 r 10.7 vs. 
88.0 ± 12.2%, p = 0:07 by paired t test), reflecting an 
increase in platelet aggregates in the high ETS group. The 
platelet counts were modestly decreased to a similkr extent: 
in ail three groups (Table 3). The changes in platelet count 
before and after exposure were -36 r 97; -84 r 131 and 
-94 ± 95 (p = 0.151 by ANOVA), respectively. These data 
show effects on platelet function at low levels of ETS that do 
not increase with further increases im dose. This result 
suggests that platelets are sensitive to tow lfcveis of ETS, 
after which the effect is saturated: 

Discussion 

Active smoking has consistently been identified as a 
major risk factor for ischemic heart disease. Exposure to 
environmental tobacco smoke (ETS), as passive smoking, 
has now been linked to heart disease in nonsmokers (4,6.17- 
19). Epidemiologic studies conducted in a variety of loca¬ 
tions reflect about a 30% increase in risk of death from 
ischemic heart disease or myocardial infarction among non- 
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-Tabic 3. Effects of Environmental Tobacco Smoke on Platelet Function in CholesterolFed Rabbits 


Group 

Blfceding Time Is) 

Platelet Aggregation .(9&) 

Platelet.Count (UP) 

Before 

After 

Before 

After 

Before 

After 

Control In * 32) 

78 i 23, 

86 s 17 

84.] : 14.6 

80.9 r 137 

295 * 89 

256 r 89 

Low ETS (n = 16); 

73 i 26 

68 r 15 

83.9 = 11.8 

82.6 : M.3 

352 = 130 

268 i 95 

High ETS (n - 16) 

77 £ 19 

68 s 18 

87.9 s 12.3 

79.4 : 10.71* 

372 : 140 

293 r 76 


•p < O.Ql compared wnh values in the control group, tp * 0.07, compared with values in the high ETS group before exposure. Values are expressed as mean 
value r SD- Abbreviations as in Table 2. 


smokers living with smokers (4-6,18). The larger studies 
also demonstrate a significant dose-response effect, with 
greater exposure to ETS associated with a greater risk of 
death from.heart disease. 

Our present study shows that passive smoking signify 
cantiy increases aortic and!pulmonary artery atherosclerosis 
in cholesterol-fed rabbits in a dose-dependent manner. There 
was a strong positive correlation between the percent of 
atherosclerotic lesions and the average CO or paniculate 
concentrations, with the lipid deposits in arteries in the high 
dose group nearly doubling in just 10 weeks. These results 
are consistent with epidemiologic studies demonstrating that 
ETS increases the risk of death from heart disease. 

Passive smoking and atherosclerosis. Smoking has long 
been recognized as one of the major risk factors for adult 
j coronary hean disease, peripheral anerial disease, abdomi¬ 
nal aortic aneurysm, and stroke. Clinical investigations indi* 
cared that the proportion of intimal surface involved with 
atherosclerotic lesions in both the aorta and!the right coro¬ 
nary artery was positively associated with serum very low 
density lipoprotein and low density lipoprotein cholesterol 
and was negatively associated with serum HDL cholesterol. 
The serum thiocyanate concentration, a marker for smoking, 
was strongly associated with the prevalence of atheroscle¬ 
rotic lesions, particularly in the abdominal aorta (20). Popu¬ 
lation studies of passive smokers revealed that passive 
smokers had significantly thicker carotid arterial walls than 
those of persons who had never smoked passively or ac¬ 
tively (8). Our results are consistent with what one would 
expect from these clinical studies. 

However, we observed much larger effects of ETS than 
would be expected from a simple dose-based extrapolation 
from high dbses experienced by smokers to the lower doses 
of smoke experienced! by nonsmokers. Our results suggest 
that nonsmokers may be more sensitive to the toxins in ETS 
than smokers are, perhaps because smokers have somehow 
adapted to the chronic poisoning associated with active 
smoking. It is also probablfe that some of the biochemical 
systems involved are very sensitive to ETS but saturate at 
lbw doses. 

Passive smoking and serum lipids. Epidemiologic studies 
i have suggested that' there is a dose-response relation be¬ 
tween the number of cigarettes smoked/day and increasing 
levels of plasma cholesterol(21). The HDL cholesterol level 
was lower in children exposed to ETS; the HDL^ subfraction 


was reduced in boys, whereas the HDL 3 subfraction was 
reduced in girls. As a result, exposure of children to ETS 
may increase the risk of premature coronary heart disease 
(22). Nonsmoking adolfcscents with two smoking parents had 
significantly higher plasma cotinine concentrations after an 
adjustment for other factors than did adolescents whose 
parents did not smoke. A plasma cotinine concentration 
>2.5 jig/ml was associated with an 8.9% greater ratio of total 
cholesterol to HDL cholesterol andi a 6.8% lower HDL 
cholesterol level (23): Similar results have been reported for 
nonsmoking adults exposed to ETS in the workplace (9): 
These results suggest that passive smoking, like active 
smoking, leads to alterations in lipid profiles predictive of an 
increased nsk of atherosclerosis. 

The present study, however, showed no significant dif¬ 
ferences in total serum cholesterol, triglycerides, HDL- 
cholesterol, cholesterol-weeks, change in cholesterol, 
change in triglycerides or change in HDL cholesterol be¬ 
tween the control group and the two passive smoking 
groups. 

To test whether the changes in. lipid lesions associated 
with. ETS exposure could be a result of differences in 
cholesterol levels, we performed a multiple regression anal¬ 
ysis with the percent aorta and pulmonary artery with lipid 
deposits the dependent variables and cholesterol, triglyc¬ 
erides and HDL cholesterol levels at 2 and 12 weeks (that is, 
before and after ETS exposure control) and ETS concentra¬ 
tion as the independent variables. In both cases ETS expo¬ 
sure was still significant (p < 0.001) and positively associated 
with ETS dose after accounting for differences in serum 
cholesterol. Therefore, the increase in atherosclerotic le¬ 
sions in the cholesterol-fed rabbits exposed to. ETS was 
independent of changes in serum lipids in the present study. 

Passive smoking and platelet function. In addition to their 
role in acute thrombus formation, platelets have also been, 
implicated in the development of atherosclerosis. Davis et 
al. (17) reported that mean values of the platelet aggregate 
ratio before and after passive smoking were 0.87 and 0.78, 
respectively (p = 0.002). These values are similar, to those 
we observed in the high ETS group (Table 3), They found 
that passive smoking increased platelet aggregation with a 
magnitude similar to that observed in active smoking., The 
effects of cigarette smoking on the levels of platelet¬ 
activating factor (PAFT one of the most potent proinflam- 
matory agents, or PAF-like lipids were studied (24,25). The 
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results showed that the values of PAF-like lipids in both 
LDL and HDL in smokers increased significantly after 
smoking, and that the activity of plasma enzyme, PAF 
acetylhydrolase, was inhibited by cigarette smoke extract in 
a dose-dependent manner. The charge alteration reactions 
and PAF-acetylhydrolase inhibition appear to be localized at 
different sites on the lipoprotein molecule. Thus, the ob¬ 
served inhibition may account for the increase in plasma 
PAF concentration that is known to occur in smokers. 

Inihe present study, bleeding times at week 12 in the two 
ETS groups were significantly shorter than in the control 
group (p < 0.001). andiplatelet aggregate ratio at week 12 in 
the high ETS group was borderline Ibwer than the control 
level (p = 0 . 07 )i suggesting increased platelet aggregate 
formation^ These results suggest that the effects of passive 
smoking may be mediated, at least in part, by altered platelet 
function. 

Passive smoking and arterial endothelium. People ex¬ 
posed to ETS: had a significantly thicker carotid artery wall 
than that of nonexposed persons who had never smoked, 
with the increase in wall thickness increasing with greater 
ETS exposure (8). Such epidemiologic studies are comple¬ 
mented by a vanety of physiologic and biochemical data 
showing that ETS damages arterial endothelium. Davis et al. 
(17) reported that mean values of anuclcar endothelial cell 
carcasses in venous blood before and after passive smoking 
were 2.8 and 3.7 (p = 0.002). The appearance of these cell 
carcasses indicates damage to the endothelium, which is the 
initiating step in the atherosclerotic process. Bondjers et al. 
(26) hypothesized that the effect of smoking might be medi¬ 
ated by increased catecholamine levels. The endothelial! 
injury induced by smoking could be inhibited by metoprolbl, 
supporting this hypothesis. 

Other possible mechanisms of atherogenesis induced by 
ETS. Clinical studies (27-29) in smokers with' coronary 
artery disease show that smoking increases myocardial 
oxygen demands and! such indicators as the rate-pressure 
product). Also, smoking-induced coronary vasoconstriction, 
which is due to an alpha-adrenergically mediated increase in 
coronary artery tone, is prevented by calcium antagonist 
drugs and nitroglycerin. Thus, smoking can adversely affect 
the balance between myocardial oxygen supply and demand. 

Several animal studies (5) have also shown that injections 
of polycyclic aromatic hydrocarbons, in particular 7,12- 
dimethylbenz(a,h) anthracene and benzo(a)pyrene, signifi¬ 
cantly increase aortic plaque and accelerate the development 
of atherosclerosis. These studies provide evidence that 
known carcinogenic chemicals can be atherogenic as well! In 
animal experiments, ETS also depresses cellular respiration 
at the level of mitochondria (30). The effects of ETS on 
cardiovascular function, platelet function, neutrophili func¬ 
tion and plaque formation are the probable mechanisms 
le.,d/u>g :o heart disease (4,5). 

Dose and duration. In the present study, the average 
concentrations of air nicotine. CO and panicles during 7 h of 
exposure in the high ETS group were 30-fold; 3-fold and 
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10-foid higher than in the low ETS group (1.040 vs. 30 jig/m 3 , 
60 vs. ]9 ppm. 13.8 vs. 1.2 mg/m 3 , respectively)! Human 
exposure studies (5,11,13) showed that nicotine and respira¬ 
ble suspended particulkte levels in restaurants rangedifrom 1 
to 25 and 55 to 600 A^m 3 . respectively; respirable 

suspended paniculate levels were 589 to 1,140 in bars 
and! bingo halls (3). The U.S. National Ambient Air Quality 
Standard for respirable particles is 50 jig/m 3 (annual aver¬ 
age);. The nicotine levels in smoking sections on airplanes 
were found to be 50 to 100 Mg/m 3 . Air nicotine. CO and 
respirable suspended particulate levels in some public 
smoking rooms were found! to range from 50 to 500 Mg/m\ 
5 to 50 ppm and 0.50-1.95 mg/m 3 , respectively. Thus, the 
levels we observed in the high ETS group are a factor of 2 to 
10 higher than those observed in routine human environ¬ 
ments and the lfcvel* in the low ETS group are similar to 
those of heavily smoking-polluted, but realistic,; human 
environments. 

The studies (31) reviewed show that cotimne measure¬ 
ments are sensitive to the cunent exposure of nonsmokers 
to other people's tobacco smoke with a half-life of -20 h in 
the blood. Plasma cotinine levels after 2 h- of exposure to 
ETS in a heavily polluted public house were 7.33 ngmi. The 
cotinine levels in plasma we observed in the low ETS group 
were comparable to those of a heavily polluted room, 
whereas those in the high ETS group were two- to fourfold 1 
higher. 

Despite exposure to higher than routine human exposure 
levels, every rabbit in the two ETS groups tolerated the 
exposure well during the 10-week exposure period. There 
were no differences in food consumption or weight gain 
among the different experimental groups. The differences 
between these experimental exposure level* and! actual 
human exposure level* were small compared with those of 
other- studies of environmental toxins, where extrapolations 
>5 to 6 orders of magnitude are common. Indeed, our low 
ETS groups represented realistic exposure for people who 
work in smoking environments, such as bartenders or wait¬ 
ers working in the smoking section of a restaurant. 

Conclusions. These data indicate that the exposure of 
lipid-fed rabbits to passive smoke adversely affects platelet' 
function and significantly increases atherosclerotic lesions in 
the aorta and pulmonary artery. This increase ^atheroscle¬ 
rosis is independent of changes in serum lipids and has a 
dose-response relation. These results are consistent with 
epidemiolbgic studies demonstrating that ETS increases the 
risk of death from heart disease. 
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TRIBBLE, D.L. AND FORTMANN, S.P., "REDUCED PLASMA ASCORBIC ACID 
CONCENTRATIONS IN WOMEN REGULARLY EXPOSED TO ENVIRONMENTAL TOBACCO 
SMOKE (ETS), CIRCULATION 86(4): 1-675, 1992. 

There have been limited data in the literature suggesting 
that certain vitamins might be a factor in the development of heart 
disease. Based on this theory, a 1992 meeting abstract measured 
dietary and plasma levels of vitamin C (ascorbic acid) in people 
exposed to ETS. Compared to a control group, ETS-exposed 
nonsmokers were reported to have decreased plasma levels and dietary 
intake of ascorbic acid. The authors concluded: 

These results suggest that suboptimal AA 

[ascorbic acid]i nutriture may contribute to 

* increased heart disease risk associated with 

f ETS exposure. 

The significance of this report is highly questionable. 
Very few details are available — not even the ages of the people 
studied are given in the abstract. In addition, the relationship, 
of any, of vitamin levels to subsequent heart disease is not 
scientifically established. Furthermore, even the authors 
acknowledge that their data on plasma vitamin C may at least in 
part be a result of different levels of dietary intake, rather 
than any direct effect of ETS exposure. 
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Reduced Plasma Ajcortric Acid Concentration* in Wome n 
Regularly Exposed to Environmental Toba cc o Smoke (ETS). 
Dime L Tribblt and Stephen P. Fornnann. 

Stanford University School of Medicine, Palo Alto, CA. 

Oxidative processes have been implicated in the pathogenesis 
of heart disease, offering a potential explanation for the high 
risk attributable to smolring. Cigarette smoke contains numer¬ 
ous oxidants, and smokers exhibit reduced circulating con¬ 
centrations of the antioxidant vitamin ascorbic acid (AA), 
primarily as a result of oxidam-meditied depletion although 
reduced dietary intake also hu been noted. We measured 
plasms AA concentrations and dietary A A intake in non¬ 
smoking women exposed to hr/wk ETS, i.e., passive 
smokers (PS), as compared with nonsmokers with £2 hrs 
ETS expoiure/wk (NS) and active smokers (AS), to assess 
whether PS also may exhibit ruboptimai AA nutriture. Plasma 
AA was measured by KPLC with electrochemical detection, 
and dietary and vitamin supplement AA intakes were assessed 
using a semi-quantitative food frequency questionnaire. 

Rcaulu:_ttSInaifil- P&n«2?) AS(n-33) 

OgVd o o 2015.4 •• 

ETS exposure (hr/wk) 0.210.6 35.1112,9**| 20.7120.4** 

Plasma AAOiM) 69.4121.3 3L9123.3** 42.1120.2** 

Dietary AA (mg/d) 129.8±79:1 117 4156.2* 129.1179.1 

Suroi.. AAfmg/d) lg2 0l2M5..2Q2Ji739J lM.4i3 H .fi 

NS n. PS or AS: *p<H5i **p<iX)l; PS vs. AS: fpcOOl. 

Both PS and AS exhibited reduced plasma AA relative to NS. 
One (-2%) NS. 4 (-15%) PS, and 6 (-11%) AS exhibited 
bypcrvitiminoSLS C (plasma AA<23 *iM). Reduced plasma AA 
in PS may be partially due to reduced dietary AA. These 
results suggest thar suboptimil AA putrirure may cootributt to 
increased bean disease mk associated with ETS exposure. 
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GREEN, M.S., SHAHAM, J., GREEN, J., HARARI, G. AND BERNHEIM, J. , 
•'ASSOCIATION OF PASSIVE SMOKING WITH INCREASED CORONARY HEART 
DISEASE RISK IS NOT EXPLAINED BY ELEVATION OF LEUCOCYTE COUNT," 
EUROPEAN JOURNAL OF PUBLIC HEALTH 3(1): 14-17, 1993. 

Some previous research involving active cigarette smokers 
has reported that smokers may have higher numbers of leukocytes 
(white blood cells) than nonsmokers. It has been speculated that 
these higher leukocyte counts may be one mechanism' whereby smoking 
might increase heart disease risk. Greeny et al. (1993) addressed 
the question of whether ETS-exposed nonsmokers might also show 
increased leukocyte counts. 

Green, et al. examined a group of 250 male factory 
workers. These men were questioned regarding their smoking habits 
and their reported exposure to ETS in the workplace and at home. 
Urine samples were also collected for cotinine analysis. Green, 
et al. reported that, on the average, smokers had higher leukocyte 
counts compared with nonsmokers. However, based both on reported 
ETS exposure as well as on cotinine data, exposure to ETS was not 
associated with increased leukocyte counts. The authors concluded 
that, if ETS exposure is associated with increased heart disease 
risk, it is not mediated through an effect on leukocyte count. 

These findings suggest that any association of 
passive smoking with coronary heart disease is 
not through an elevation of leucocyte count. 

(Abstract, p. 14) 
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Association of passive smoking with 
increased coronary heart disease risk is not 
explained by elevation of leucocyte count 

M - GREEN. J SKAHAM..I GREEN. C HARAREJ BERN HEIM - 


The increased risk of coronary heart disease in cigarette smokers may be due at least partly to an elevation of the 
leucocyte count Chronic passive smoking has also been found to be associated with an increased risk of coronary 
heart disease, but its effect on the leucocyte count has not been reportedi In this study 2SO male factory employees 
aged 2(K64 years were interviewed on smoking behaviour and exposure to environmental tobacco smoke, and 
blood counts were determined. Urinary cotinine was measure by radio-immunoassay and corrected for unnary 
creatinine concentrations. Mean leucocyte count was significantly higher among smokers compared with non- 
smokers (8,666 compared to 6,900; p<0.001). On the basis of smoking history, passive smokers had leucocyte 
counts similar to non-smokers. These findings were confirmed when leucocyte counts were compared with urine 
cotinine to creatinine ratios. The association of haematocrit and haemoglobin with smoking was similar to that of 
leucocyte count. These findings suggest that any association of passive smoking with coronary heart disease is not 
through an elevation of leucocyte count. 


Kev words: smoking, passive smoking, urine cotinine. bl6od count, leucocvtes, coronary heart disease 


L*eue*Kvti* count Wa? heen shown to he independently 
as^Kiatcd w-uh an mcreasedinskoficoronarv heart disease 
(,Fncdman et all 1974. Zalokar et al. 1961. Kostis et al. 
19H, Ernst et al. 1967k In addition. cigarerte smokers 
rend to have hicher Ibucocnc counts rhan non-smokers 
(Term (k kipp 1966. Green er al. 19921:and it has Keen 
suggested! that this mav be one of the mechanisms bv 
which vmokmg increases the risk of coronan hean disease 
(iKosti>et a). 1964. Ernst et al 1957). Ex-posure to envi¬ 
ronmental tobacco smoke t passive smoking) has also Seen 
shown to ibe associated with coronan hean disease (Gar- 
land et al. 1985. Giant; 6s. ParmlevT99l), although the 
mechanism ot this asstxiauon is not clear. Toxic agents 
have been demonstrated in both mainstream,cigarette 
smoke tsmoke inhaled and exhaled by the smokerhand 
side-stream cigarenr smoke (emitted from; the burning 
DonelhHofrman 6* Hoffman 1957. Enkson.et all 1986): 
There is some evidence that enrvme systems responsible 
tor the detoxification of smoke constituents are not in¬ 
duced to the same extent in passive smokers as in active 
smokers (Hoffman &i Hoffman 1967. Enksonetal. 1966). 
In a recent study, three hours of heaw exposure of 16 
non-smokers to environmental tobacco smoke produced 
a mean increase of 33 per cent in leucocvte count ( An¬ 
derson etal. 1991). However.tothe best, of our knowledge 
there are no reports on whether chronic passive exposure 
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to environmental tobacco smoke is reflected in an eleva- 
tion of the leucocvte count, 

Self-reported exposure to environmental tobacco smoke 
mav onlv be a crude estimate of actual exposure Since 
nicotine in the blood has a short half-life of about two 
Hours (Curvall et al. 1990) it is not suitable a< a measure 
of chronic exposure On the other hand, cotinine. the 
major;metabolite of nicotine,,is specific to tobacco and is 
concentrated and excreted in the urine and saliva (Cur- 
vallet all 1990). It has a half-life of about 19 hours m.the 
blood and it has been shown that the urmarx cotinine 
levr 1 is a sensitive measure of davlv, exposure to tobacco 
smoke (Wald et al 1964, >X'alliet al. 1955. Cummings et 
al. 1990); 

The aim of this studv was to compare the Itucocvte, count 
in cigarette smokers with that of non-smoker^ exposed to 
vary ing concentrations of environmental tobacco smoke 
Unnars cotinine concentrations were usedlto determine 
the extent of exposure to environmental tobacco smoke. 
While the emphasis in this studv was to; evaluate the 
association of' exposure to tobacco smoke and leucocvte 
count, haematocrit per cent and haemoglobin concentra¬ 
tion are also analyzed tor the sake of comparison 

METHODS 

Subjects 

Three hundred seventy-five men aged 2C—04 and em¬ 
ployed inasingib industrial worksite <93^. * ere blue-col¬ 
lar workers); underwent routine health screening earned 
out by start from our institute. Participation w as voluntary 
and the examinations were offered! nee of charge The 
response rate for participation in the studv wa> almost IvC 
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p*r cent; A random sample of 25C were included in a 
special studv of passive smoking The subjects- were all 
interviewed by die same named interviewer, using a 
questionnaire on current smoking habits, exposure to 
tobacco in the workplace and exposure to tobacco smoke 
at home. A typical question was structured as follows: Do> 
your co-workers smoke m.vour work area v l) Not ar all. 
2) Infrequently; 3) Frequently; 4) Most ot the time. 
Answers 2. 3 and 4 correspond to;the classification of 
miIdl moderate and extensive exposure to tobaecosmoke. 
Four groups were defined a) Active smokers (categorized 
bv <10. 1C—20 and >2C cigarettes per dav); b) non- 
smokers reporting minimal 1 exposure to tobacco smoke 
both m the workplace and ar home, c) non-smokers 
reporting moderare exposure to tobacco smoke of others 
m the workplace or at home: and d) nonrsmokers repor¬ 
ting extensive exposure to tobacco smoke of others in the 
workplace or at home Subjects were asked to provide 
unne sample- durinc a reeulkr workday, between 12:00 
p.m. and 2.00 p.m. Aliquots of 1'.5 ml were kept in serum 
storage tubes tscrew top) at -7C C C until tested 

L-TiTum, connme arJ rrearmme measurements 
Urinarv cot mine concentrations were determined m the 
nephrolog\ research laboratory at Meir GeneralHospital, 
usingradu^»mmunoassav {Rl A) (Double .Antibody Nico¬ 
tine Metabolite. Diagnostic Products Corporation; Los 
Angeles h Quality control was monttored by means of I 
control I standards which were tnduded with the test kit 
andconnol urines which were stored at -20°C. Since it 
was not p*>ssihle to obtain 24-hour urine samples, unnarv 
creatinine wa> determined using standard methods on an 
automatic anahter in order to correct tor the cotmine 
concentrations in randbm unne specimens. The cotmine 
results (m ng/ml) were expressed relative to the unnarv 
creatinine concentrations (mg/dlL a method used sue - 
cesstuliv bv other investigators (Wall et al. 1956, Cum¬ 
mings et al 1.990): 


Stansncai anaikses 

The mean cotinme concentrations, cotinme to creatinine 
ratios and blood counts tor each of the subgroups ident i¬ 
fied bv the questionnaire were compared bv one-wav 
analysis of'variance and Duncan's multiple range test. The 
mean blood counts were compared graphical for differ¬ 
ent intervals of connme:creanmne ratios and tested for 
nend bv means of linear regression In addition, the 
association between blood count? and the connine crea¬ 
tinine ratios were examined using non-linear regression. 

RESULTS 

Some degTee of passive exposure to tobacco smoke at work 
was reponed by 85.6 per cent, whereas only 27.3 peT cent 
reported anv such exposure at home. Unnan cotmine 
concentrations and cotmine to creatinine ratios are 
shown bv smoking status m t abU l The cotmine crea¬ 
tinine ratios distinguish between four distinct group? 
based on self-reponed exposure to tobacco smoke: mini¬ 
mal or moderate passive exposure, heavy passive exposure 
or smoking less than 10 cigarertes per dav. smoking 1C-2C 
cigarettes per dav, and smoking more than 20 cigarette? 
per dav. Nevertheless, there was overlapping of the range- 
of cotmine to creatinine ratios between the self-reported 
categories, suggesting either m-accuracv ot self-reporting, 
or variation in nicotine absorption or metabolism, or; 
both. Results for the comparison of the blood'parameters 
in the different sub-groups classified bv reponed smoking 
or exposure to tobacco smoke are shown in tabic 2 . Those 
smoking more than 10 cigarettes per dav had a signifi¬ 
cantly higher mean leucocyte count than the light 
smokers or non-smokers regardless of the degree of passive 
exposure to tobacco smoke Haemaroent and haemo¬ 
globin showed a similar partem. 

The mean blood counts by different intervals of the 
cotinme to creatinine ratio are shown in the figure UTnle 
the linear trends were significant in all three, the counts 
were clearlv elevated onlv at levels of' the cotinme to 
creatinine ratio consistent with heavy,smokers and much' 
higher than those seen in non-smokers exposed to envi- 


Table 1 Mean ir standard deviation) unnan cotmine and cotinme.creatinine ratio*, by mooting liar us (minimum and maximum,given tn 
paremhese.O 

Urinary marker* 

Gotinme concentration (nfi/mH Cotmine:creatinine ratio 


Sm*4c'mc sutus 

n 

Mean 

SD 

Range 

Mean 

SD 

Range 

Non-smokers 








None nr mtntmal passive exposure 

6C 

36 3’ 

36,: 

0-175 

0.3* 

0.3 1 

M2 

Misdemte passive exposure- 

64 

154 3* 

473.: 

0-2.644 

0.9* 


MC 

Heavy passive expo*ure 


tjC74.1 f 

2.745.7 

0-10.593 

10 4* 

25.6 

0-937 

Smokers 








< 1C Cigarettes peT da\ 

2T 

r.iooe' 

2.327.6 

45-6.5:2 

1:9" 

11.6 

CM: 0 

11-20 cigarettes petidav 

a: 

7J423 1 

5.: 77.7 

4 56-::,299 

38 r 

20.i: 

: 7-^1 

a 2C cigarertes per da\ 

35 

7.S53T 

3.664 4 

S5-::.P36 

44 6 d 

16 9 

0 1-?: t 

TV:*- 4 lone-wav analysis ot varianceV 


65'7 



650 



r 


< 0 0001 



< 0.0001 



* r< J 1 nd*cnr u«niHCJntli dineimt r K Dtntan * muUtph nr,gr irtt at tht > per centilevel nf significanct 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpx0000 
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Table 2 Mean leucocyte coun: haemjr.xniianJ haem.'pl.'btn hv jmokinr status (95%; conude nee in ter, a! in rarer.: *uv*e> * 


Smnkint statu* 

n 

Leucocne 

count: lx l.OCCv 1 

Blood parameters 

Harmauxrit. 

HaerrKiflnr:n tIJY m’■ 

Non-smoker* 








None or minimal passive exposure 

tc 

6 92 

(6 5Z-T.23If 

43 6 

(42 9-44 \) d 

14 6 

1 !4 4)J 

Moderate passive exposure 

w 

7,03 

Ifc M-7 413? 

43 1, 

(42 6-43 5)' 

14 4 

( 1 4 M 4 5' J 

Heavy passive exposure 

22 

fc 76 

lfc.13-7.36V 

43 4 

(42 3-44 iV 

14:5 

lU ;-U 

>m,wen 








<■ liT ciearene> per div 

-* 

7.13 

(666-7 661' 

434 

(42 3-44.2 

14 V 

114 

11-20 cicamtrv per da\ 

42 

6 0C 

(7 34-6 63)* 

44 3 


14© 

t i'4 

2 20cicarmes per Jj\. 

35 

h.66 

(6 01-9.241* 

44.6 


is; 

i)4 ;•:3 a/ 

Fc :<•*> tone-ixav analvsis ot variance) 


7.6 


3.2 


3 4 


F 


c 0.001 


0.00° 


0.005 



' r IhJicatf MOimcamb Jinertni pnxiT* K Duncan * multiple ran** ten at the 5 per,cent level or sqmiticancr 


10000 


MEAN LEUKOCYTE COUNT 


P‘0.001 (TREND)' 


mill 

<•1 1-10 11-20 21-30 31-40 *40 

URINE COTININE/CREATINE 


MEAN HEMOGLOBIN ( fl/dl) _ 

15 5 p.o ooi (TREND) 


15.2 



URINE COTININE/CREATINE 


4 6 MEAN H EMATOC RIT (%) _ 

p«0.00l (TREND) 

Eillll 

«1| 1-10 11-20 21*30 3V40 >40 

URINE COTININE/CREATINE 


Ft parr Mean Idukocvte coum. hematocrit ratio and hemoglobin by 
E3 intervals o* the urinary cotimne to creatinine ratio 


ronmental smoke. Non-linear repression of the blood 
counts on the cotimne to creatinine ratio Yielded a Hiehlv 
significant second degree polynomial term, confirming 
this observation (detailed analyses not shown). 

DISCUSSION 

These fmdtngs demonstrate that leucocvte count is not 
significantly elevated in non-smokers exposed to different 
leveb of environmental tobacco smoke. In addition, 
among light smokers there was no increase in leucocyte 
count. This suggests that if in fact elevation of the leuco¬ 
cyte count contributes to the risk of coronan heart disease 
in smokers, this is not likeIV to Be the mechanism tor 
passive smokers or indeed for light smokers. In general the 
mechanism for the increased risk of coronary heart disease 
in passive smokers is not well understood It has been 
postulated that it mav be due to effects on blood:factors 
such as platelet aggregation or through a role ofi the 
damaging and mutagenic effects of agents such as the 
polVcvclie aromatic hvdrocarbons (PAH) on the endo< 
theliai and smooth muscle cells (Giant: Si Parmlev 1991). 
in addition, extensive exposure to environmental tobacco 
smoke may.result in reduced ioxygen .supph to the myo¬ 
cardium (Glane & Parmley 1991). 

It has been suggested that the elevation of the white cell 
count in smokers results from a chronic inflammatory 
response in the bronchi of regular smokers (Pentn,&i Kipp 
1986) Toxic products in cigarette smoke such as tar and 
cadmium may be responsible for this effect (Lewis et al. 

1972) . Despite the fact that cigarette smoking has an 

acute effect oni the leucocyte coum (Fnedmanei al 

1973) , this effect persists for some time after quitting 
{Pentti et al 1986). This may be due at least in pan to 
changes in hormonal levels resulting from smokine which 
in rum might affect the leucocyte count (Petini & Kipp 
19861 

The findings tn this study suggest that at the population 
level, at least among adult men., chronic exposure to 
environmental tobacco smoke has little or no effect on 
leucocyte counu The relatively narrow conndence inter¬ 
vals for the leucocyte counts suggest that even ti the study, 


Source: https://www.industrydocuments.ucsf.edu/docs/ljpxOOOO 
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was performed on a lareeri samplt.. rhe results would he 
largely unchanged Despite this tmdinc. an efleci in-some 
heavilv exposed individuals cannot he excluded. It should! 
he mentioned that most of the subjects were blue-collar 
workers, although there ts no obvious reason to predict 
diticrem findings for white-collar workers. The possibility 
that' passive smoking mav have some eriect on subtrac¬ 
tions of leucocytes cannot he excluded (.“Anderson et al. 
19911 Nevertheless, the results o? the present studs indi¬ 
cate that the mechanism underlVtng the increased risk of 
coronary hearr disease in passive smokers is not through 
elevation of leucocvte count 
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